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THE STAFF IS ENTHUSIASTIC ABOUT THIS ISSUE 


When the editorial staff finished. the 
preparation of this issue, it turned’ it over 
to the printing department and consigned 
it to its readers with the feeling that it rep- 
resented the best combination of technical 
data and practical information yet pre- 
sented within the covers of one number. 
Names like Giesecke, Woolrich, Kimball 
and Peebles, Crocker and Harman, Tom- 
linson and Hale mean a great deal in heat- 
ing, piping and air conditioning, and there 
is an article from every one of them in 
this issue. These are backed up by many 
more articles on live, practical subjects and 


HEAT TRANSMISSION 
THROUGH BUILDING 


J. C. Peebles has, for twenty years, been 
a member of the faculty of Armour Insti- 
tute of Technology. On the basis that 
research in this field should be co-ordinated 
in such a way that our readers will have 
knowledge of any developments in heating, 
piping or air conditioning here or abroad, 
we went to Professor Peebles with some 
Swedish data on heat transmission through 
building construction. We asked him to 
interpret it and present it to our readers. 
The first part of his interpretation starts 
with this issue. 


EXACTING REQUIRE- 
MENTS IN AIR 
CONDITIONING 


In air conditioning we lead with Malcolm 
C. W. Tomlinson and Leslie P. Hale. 

Mr. Tomlinson started a thorough di- 
cussion of low humidities in last month's 
issue. His article then was on the subject 
of drying by low humidities. This month 
we present article 2 of his series. Number 
2 is on the subject of human comfort at 
low humidities. 

Leslie P. Hale describes for us the com- 
plete air conditioning installation in a mod- 
ern cigar factory, in which the process of 
making cigars demands exact conditions 
of temperature and humidity at every stage. 
\s Mr. Hale explains, the same reasons 
ior which tobacco needs air conditioning 
apply to other hygroscopic materials. 





problems in this field—all building up a 
whole which we sincerely believe is of 
unequaled value. 

We are enthusiastic about this issue to 
the point of risking the accusation of being 
egotistical. But it is the sort of enthusi- 
asm, on the contrary, which is making 
it possible to enlist the interest and co- 
operation of leading engineers in produc- 
ing the kind of articles this field needs and 
the kind the promise of which evoked such 
a fine response when HEATING, PIPING AND 
AiR CONDITIONING was first introduced to 
an immediately interested field. 


Therefore, a study of the method employed 
in a cigar factory results in an under- 
standing which can be employed in many 
other industries. 


TROUBLE EXPERIENCES 
IN HEATING 


C. W. Kimball, member of the firm of 
R. D. Kimball Co., consulting engineers 
of Boston, and a member of our board of 
contributing editors, has prepared a most 
interesting article on how a new central 
heating plant was built around an old in 
Phillips Academy, Andover, Mass. This 
was quite an engineering feat, in that the 
more than forty-five buildings to be heated 
required uninterrupted service throughout 
the building of the new plant. Any engi- 
neer and contractor should find interesting 
information in such an article, which will 
appear in an early issue. In this number, 


Mr. Kimball presents some practical trou- 
ble experiences that he has encountered in 
heating. A pair of overalls in a steam 
line, for instance, can cause a lot of trou- 
ble. 


Formulas from 
Giesecke 


Professor Giesecke has made some thor- 
ough studies of “Cooling of Water in Iron 
Pipes,” the subject of his article, and can 
present, therefore, formulas and data which 
the engineer and contractor .can directly 
apply in the design and installation of 
heating systems. He not only presents 
such formulas and data, but he gives ex- 
amples of their application. Nothing could 
be at once more technical and practical. 


Heat and 

7 
Energy 

Professor Woolrich gives some funda- 
mental definitions under the heading of 
“Heat and Energy Units,” which are worth 
learning and applying. 

ete is , . 
Eliminating Fan 
Noise 

There are many forms of noises made 
by fans, including air noise and machine 
noise. There are also several remedies, re- 
lating to placing of equipment and the con- 
struction details of the supports for fans. 
Cause and remedy are discussed in this ts- 
sue and shown graphically by numerous 
sketches. 


PIPING— FLANGED JOINTS AND AUTHORITATIVE 
DESIGN DATA 


As for piping, Sabin Crocker and John 
J. Harman have done a real job. 

Sabin Crocker, who is an engineer in 
the engineering division of Detroit Edison 
Co., has prepared an article on “The De- 
sign of Flanged Pipe Joints” which con- 
tains so much valuable data that its pres- 
entation will require three issues. The 
first part appears in this number. His data 
represent absolutely new information in 
many cases, and we take pride in offering 
it as a real contribution to an understand- 
ing of the design of flanged pipe joints. 
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John J. Harman, research engineer of 
Walworth Co., Boston, Mass., has com- 
piled and presented essential data having 
to do with the design, installation and main- 
tenance of piping systems for semi-fluid 
or viscous liquids. Charts are offered in his 
article from which the engineer and con- 
tractor can work directly in the design of 
such piping systems.. Industrial develop- 
ments make the piping of viscous liquids 
highly important. Mr. Harman's article 
should, we feel, become the authority to 
which engineers will look on this subject. 








Heating -Piping August, 1929 
and Air Conditioning 








wt 4 
e - at S oe 


25 to 350 Ibs. 


Continuous seamless tube 
construction. One-, Two- 
or Three-Row Encased 
Units. 15 Standard Sizes. 





Anow your AER OF IN: 


(The Standardized Light-Weight Fan System Heat-Surface) 






SINGLE comprehensive 
Bulletin containing com- 
plete Engineering Data 
on all types of AeRrarin 
“om a is now available gratis upon re- 
1 &§ quest. In addition to Final Tem- 
peratures and Condensations at 
various Pressures and Physical 
... Data, there are large, readable 
AeBBFIN ; Nw Temperature Effect Charts on 

2'/ to 150 Ibs. linen and many Piping Diagrams 


Continuous seamless 


poe eegggence ~ Fhe penny in four colors, an invaluable com- 


struction. One-or Two- pilation from the knowledge and 
Row Encased Units. . f fA se 
x ies Silen experience of some of America's 
across face. Type R most brilliant Engineers. Ask 
for Re-heaters. Type T a 

for Tempering Units. Newark for Bulletin H-89. 


136 Standard Sizes. 


AEROFIN 


is sold only by Manufacturers 
of nationally advertised 


Up to 50 lbs. 


Proved flexible tube-plate 
construction, solderless ‘ . 
steam joints. One-, Two- Fan Heating Apparatus 
or Three-Row Encased * 

Units. 45 Standard Sizes. 














AERGFIN 


Burnham Building 850 Frelinghuysen Avenue, NEWARK, N. J. Oliver Building 
CHICAGO 11 West 42nd Street, NEW YORK siriaiataaeacranaes 
Land Title Building United Artists Building Paul Brown Building 


PHILADELPHIA DETROIT ST. LOUIS 




























































TABLE OF CONTENTS 


AUGUST, 1929 


Page 
THE COOLING OF WATER IN IRON PIPES..................... 267 
By F. E. Giesecke 
WARM AIR HEATING IN A FOUNDRY........................0055 272 
yy cupedan seo 
By John J. Harman 
AIR CONDITIONING A MODERN CIGAR FACTORY...... .. . 286 


By Leslie P. Hale 
PRESENT DEVELOPMENT OF HEATING INDUSTRY IN FRANCE. .291 
By A. Beaurrienne 


THE DESIGN OF FLANGED PIPE JOINTS.........................298 
By Sabin Crocker 
DETERMINING PIPE LINE EXPANSION...........................301 
SWEDISH INVESTIGATION OF HEAT TRANSMISSION THROUGH 
Sg 2 a cs ail wadene's &nbeares 440% os 302 


By J. C. Peebles 

HANDLING THE DUST PROBLEM IN LEAD BATTERY MANU- 

ED ahha Sa nich ot Kee 4 cb dead 3450S ERE OECD C40 pdilane de Gie ae 

By H. L. Kauffman 

HEAT AND ENERGY UNITS—FUNDAMENTAL DEFINITIONS... . 308 
By W. R. Woolrich 

TROUBLES FROM OBSTRUCTIONS IN STEAM PIPES........... 310 
By C. W. Kimball 

SEVERAL METHODS TO PREVENT OR CORRECT NOISES MADE 


I ats noch i ce ih aah Aiaks enki bounce Mees A wa we ach ab a 311 
CONTROL OF DUST FROM COLUMN AND POST SANDERS..... 314 
ee as can ab eek €¥ mee Waa 4 oo 316 

By Malcolm C. W. Tomlinson 
SHIORE TO SHEEP STEAM SERVICE. .... 2. ccc ccc cc ee ce cess 319 
eh ae cele Chae be es ga eu KADER edad eek OW Ol Trt. 
PRACTICAL PIPING PROBLEMS..................... TEE 
By W. H. Wilson 
ADVERTISERS’ INDEX (ADVERTISING SECTION)........... Soo oe 
JOURNAL SECTION OF A. S. H. V. E. 
a eee ee ee ee ha eis eee ae Ta 321 
Heat and Air Volume Output of Unit Heaters................ ae at 


By L. S. O’ Bannon 
A. S. H. V. E. Performance Test Code for Steam Heating Solid 
SINS 2, a: ata Ponies ob de n.didcale a ooh GR a wee ac Lae nals Cee a 329 


co Er ee er eee TT eee EP eS 
Proceedings of Semi-Annual Meeting.............. fae dees abba ee 
NEF IG Ee Ee, CE ee ee 








BOARD OF CONSULTING AND CONTRIBUTING EDITORS 


Heating Frederick D. Mensing Piping Percy R. Owens Frank B, Rowley 
Samuel R. Lewis A. K. Ohmes A. W. Moulder E. L. Ellingwood Alfred Kellogg 
Alfred J. Offner Samuel E. Dibble “pee mane R. P. Schoenijahn John F. Hale 
E. B. Langenherg : : r mye RO Eomeend C. S. Millard E. P. Heckel 
James C. Peebles ie ae daa A. R. Acheson Air Conditioni H. CG. Murphy 

C. H. B. Hotchkiss : . Air Conditioning Philip Drinker 
John D. Small Ralph S. Franklin yg theo, Dwight D. Kimball . S, Hawley 
Homer R. Linn A. Beaurrienne C. W. Kimball Walter L. Fleisher Charles S. Leopold 
Lee P. Hynes T. S. Tenney David J. Jones John Howatt J. D. Hoffman 


CHAS. E. PRICE, Research Edi'or R. V.SAWHILL, Editorial Director L. B. SPAFFORD, Engineering Editor 





Published Monthly by Domestic Engineering Company 1900 Prairie Avenue, Chicago 


F. P. Keeney, 


> i ffi 
President end Treasurer Address all Correspondence to Chicago Office 


New York Office, Room 1706-1707, 110 East 42nd Street 


TERMS OF SUBSCRIPTION 


Anywhere in the world, $3.00 per year. E. DeForest Winslow 
na : 5 Vice Presid Pittsburgh Office, Room 604, Chamber of Commerce Bldg. 
rent copies, 50c each. Back numbers, $1.00 each. ice President Detroit Office, Room 410, Donovan Bldg 
oid ; RPS O. T. Carson : 
pyright 1929, by Domestic Engineering Co. Secretary ‘ Philadelphia Office, Room 1507, Finance Bldg. 


33 






34 


Heating -Piping 





and Air Conditioning 





Certified tests 
for your protection 


VERY Jennings Vacuum Heating 

Pump is rigidly tested at the fac- 
tory before shipping. Every Jennings 
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cities for which it is recommended. 


This test is conducted for the owner’s 
protection as well as ours. A test report 








HE NASH ENGINEERING CO 


enning 


properly certified, states exactly the 
number of g.p.m. of water and cu. ft. 
per minute of air that the pump de- 
livered when tested under working 
conditions of vacuum and pressure. 
The calibrated orifice can be used to 
compare other makes of pumps. 


The purpose of supplying this material 
is to enable you to select a pump on 
a delivered capacity basis . . . the only 
true basis of comparison. For, by know- 
ing the combined volume of air and 
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and operation of the Jennings Vacuum 
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The Cooling of Water 77 


H EN 
water 
flows 


through pipes, 
surrounded by air 
of a lower tem- 
perature than that 
of the water, heat 
will be dissipated 
by the pipe and 
the water will be 
cooled. 

The dissipation 
of heat by such a 
pipe is partly by 
conduction of the 
surrounding air, 
partly by convec- 
tion by that air, 
and partly by ra- 
diation from the 
iron pipe. 

Since air is a 
poor conductor of 
heat, the portion 


"Director, Texas En- 
ginecring Experiment 
Station, Coliege Station, 


Texas, 
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of the total dissi- 
pated heat re- 
moved from the 
pipe by conduc- 
tion into the sur- 
rounding air is so 
small that it may 
generally be ne- 
glected. 

The quantity of 
heat removed 
from the pipe by 
convection cur - 
rents in the sur- 
rounding air va- 
ries with the rela- 
tive temperatures 
of the air and the 
pipe and with the 
velocity of the air 
current. 

In the follow- 
ing discussion it 
is assumed that 
air is normally 
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at rest and that the convection currents which remove Where K? = heat dissipated by air conduction and air 
heat from the pipe are induced by the temperature dif- convection in B.t.u. ft. ~*, hr. ~* deg. Fo’ 


ference, pipe to air. 

The quantity of heat radiated by the pipe to the sur- 
rounding objects in excess of the heat radiated by the 
surrounding objects to the pipe varies with the dif- 
ference of the fourth powers of the absolute tempera- 
tures of the pipe and of the surrounding objects. 

In calculating the heat lost by radiation from a pipe 
like that under discussion, it is generally assumed that 
the temperatures of the surrounding objects are the 
same as that of the surrounding air. This assumption 
is frequently inaccurate. For example, when a single 
pipe line is employed to heat a room, the surrounding 
objects may be the floor, ceiling and walls, and the tem- 
peratures of these surfaces may differ materially from 
ach other and also from that of the air surrounding the 
pipe. When a set of pipes is used to heat a room, a 
portion of the objects surrounding the pipe are the 
other pipes; the surface temperatures of those pipes 
differ materially from temperature of surrounding air. 

The dissipation of heat by iron pipes has been studied 
and discussed by Dr. F. Wamsler, Dr. H. Rietschel, 
Professor A. H. Barker, Dr. W. Nusselt, L. B. Mc- 
Millan, R. H. Heilman, by the writer, and by many 
others. After a careful study of the data secured by 
these investigators, as well as of the conclusions arrived 
at by them, the writer recommends the following two 
formulas as giving results which are quite accurate, and 
certainly sufficiently accurate for all problems arising in 
engineering practice: 

Formula (1) gives the quantity of heat dissipated by 
radiation from the pipe surface, 

Formula (2) gives the quantity of heat dissipated by 
air conduction and air convection. 

The sum of the two quantities of heat is the total heat 
dissipated by the pipe surface, 

Formula (1) is 





(T,)4 (T, }4 
saa aol 1 
K,; = ‘ae oe ee 
1 1 1 ti; — te 
winiiis io — -_ 
Ci Ce S 
where 


K\;==heat dissipated by radiation in B.t.u., ft, hr. ~, 
rs 

T,==temperature, in deg. F. abs., of the pipe surface; 
Ty==average temperature, in deg. F. abs., of the surfaces 
surrounding the pipe and with which the pipe surface 
exchanges radiant energy ; 

C,=radiation factor of the pipe surface ; 

Cy=radiation factor of the surfaces surrounding the 
pipe ; 

C==radiation factor of the black body. 











To apply this formula, the values of C may be taken 
from Table I. The formula was first proposed by 
Doctor Wamsler, and is based on the reasoning pre- 
sented in the concluding section at the end of this article. 


Formula (2) is: 


K, = 


0.44 (ti, -t2) 0.25 q -0.2 


t; = temperature of pipe surface in deg. fahr. 

ty — average temperature of air surrounding the pip: 
in deg. fahr. 

d = outside diameter of pipe in inches. 

This formula was proposed by Doctor Wamsler, 
modified by Doctor W. Nusselt, and then further modi 
fied by the writer so that the results determined by means 
of the formula agree well with the experimental results 





Table I 


RADIATION FActToRS 
TRANSLATED FROM HUTTE 


I on a ald. meee RA 0.167 
ee. Ea ee eee es eee 0.154 
NOE. oy hos Shane cwanuaen + 4d 0.154 P 
Iron (rough & oxidized)....... 0.154 
NE ona nadine xolnedows Seas 0.150 
RE and Sep 0.112 
OE SSE verery ere A eee 0.107 
SNE irs Gs 4h cine ack Sie ae eee 0.100 
RENO! Spann acctana ey oul aig' ne 0.075 
Re ee re eer ae A 0.063 
Iron (highly polished).......... 0.050 
EE. vc wanabucnte)ciendh omnes 0.048 
Copper (slightly polished) ...... 0.028 


*The “black body” listed here is a 
purely imaginary one that would ab- 
sorb all radiant energy impinging upon 
it. No such body exists in nature. 





secured by L. B. McMillan, (Transactions A. S. M. FE. 
Vol. 37, p. 941), as well as with those secured by R. H. 
Heilman (Transactions A. S. M. E. Vol. 44, p. 303), 
and with those secured by the writer, (Thesis in 
Graduate School, University of Illinois, 1924). 

From these two formulas the diagrams of Figs. 1 and 
2 were constructed. These diagrams can be used to solve 
the following types of problems: 

Problem 1. A room is to be supplied with 9000 B.t.u. per hr. 
and to be heated to 70 deg. with a 2-in. pipe, containing steam 
at a pressure of 1 lb. How many feet of 2-in. pipe should be 
used ? 

From a steam table we find that the temperature of 
steam of 1 Ib. pressure is 215 deg. Since iron is a good 
conductor of heat, we will assume that the temperature 
of the outer surface of the bare pipe is only about 2 
per cent less than that of the steam, or that it is 211 deg. 
The temperature difference, pipe surface to air, will 
then be 211-70, or, 141 deg. 

Referring to Fig. 1, we find 140 on the lower margin 
of the diagram, estimate where 141 would be, and move 
from that point in a vertical direction to the intersection 
with the 2-in. curve; from this point of intersection, 
move horizontally to the left margin of the diagram, and 
find the value of k to be 2.5. This means that every 
square foot of the external surface of the pipe will dis- 
sipate 2.5 B.t.u. per hour and per degree temperature 
difference. Since the temperature difference is 141 deg 
every square foot will dissipate 2.5 < 141 or 353 B.t.u. 
Since the room requires 9000 B.t.u. per hour, we need 
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9000/353, or 25.5 square feet. From Table II we find 
that, for a 2-in. pipe, 1.61 feet are needed to supply 1 
square foot of external surface; hence, we need 25.5 
1.161, or 41 feet of 2-in. pipe. 

Problem 2. How many feet of 1%-in. pipe should be used? 


Proceed as explained for Problem 1, and find that 55 
feet of 14%4-in. pipe should be used. 

Problem 3. If 2-in. pipe is used with water flowing through 
it at an average temperature of 200 deg., how many feet of pipe 
are needed ? 


As suggested in Problem 1, we assume the tempera- 
ture of the pipe surface to be 196 deg.; the temperature 
difference, pipe surface to air, will then be 196-70, or, 
126 deg. For this temperature difference and a 2-in. 
pipe, we find, from Fig. 1, the value of k to be about 
2.41. The heat dissipated by the pipe will be 2.41 « 125, 
or 304 B.t.u. per square foot, per hour. Since 9000 
3.t.u. are to be supplied, we will need 9000/304, or 29.6 
square feet, and 29.6 < 1.61, or 48 ft. of 2-in. pipe. 

Problem 4. How much, in the preceding problem, will the 
water cool in flowing through the pipe, if its average velocity is 
three feet per second? 

The velocity of the water is 3 ft. per second or 10,800 
ft. per hr. The total volume of water flowing through 
the pipe per hour is 10,800/42.9, or 264 cu. ft. This is 
equal to 264 & 60.12, or 15,870 pounds. Since this 
quantity of water dissipates 9000 B.t.u. per hour, it will 
cool 9000/15870, or 0.57 degrees. 


Table 2 


STANDARD WrouGHT Iron PIPEs 








| LENGTH OF 
Pires | LENGTH OF 
NoMINAL Actuan | Acrvuat | LeneTH oF Havine Pipe 
INTERNAL EXTERNAL INTERNAL | PIPE 1 Sq. Fr. or | Conrarnine 
DIAMETER, Diameter, | Diamerer, | WeicgHine | Exrernat | 1 Cv. Fr. 
INCHES INCHES | INCHES 1 Ls., Feer| Surrace, Feet 
Freer 

1 0.84 | 0.62 | 1.118 | 4.55 | 472.4 

34 1.05 0.82 0.882 3.64 270.0 

1 1.32 1.05 | 0.594 2.90 | 166.9 
14 1.66 1.38 | 0.437 2.30 96.3 
1% 1.90 1.61 0.366 2.01 70.7 

2 2.38 2.07 | 0.272 | 1.61 | 42.9 
2% 2.88 2.47 0.172 1.3 6 30.1 

3 3.50 3.07 0.131 1.09 | 19.5 
314 4.00 | 3.55 | 0.109 | 0.95 | 14.6 

4 4.50 | 4.03 | 0.0092 |; 0.85 | 11.3 
4. 5.00 4.51 | 0.079 | 0.76 | 9.0 

5 5.56 | 5.05 | 0.067 | 069 | 7.2 

6 6.63 6.07 | 0.058 | 0.58 | 5.0 

8 | 8.63 7.98 | 0.085 | 0.44 | 2.9 
10 | 10.75 | 10.02 | 0.024 | 0.36 | 1.8 
12 | 12.75 | 12.008} 0.020 | 0.30 1.3 





Problems similar to Problem 4 arise frequently in 
heating practice and can be solved as shown for this 
problem. However, the solutions can be simplified ma- 
terially by the use of the diagram of Fig. 2. This dia- 
gram was prepared from that of Fig 1, and shows the 
cooling of water in bare iron pipes located in 70 deg. 
air when the length of the pipe is one foot and the ve- 
locity of the water is one inch per second. 

To apply the diagram to the solution of Problem 4, 
assume, as above, that the temperature of the pipe sur- 
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face is 196 deg.; the temperature difference, pipe surface 
to air, will be 196-70, or 126 deg. Find 120 on the 
lower margin of the diagram and estimate the location 
of 126; from this point move vertically to the intersec- 
tion with the 2-in. curve and from there move hori- 
zontally to the left margin of the diagram and read, 
approximately, 4.3. Dividing this by 10, as directed by 
the note on the left margin, gives 0.43 deg. cooling, if 
the pipe were one foot long and the velocity one inch per 
second. Since the pipe is 48 feet long, the cooling is 48 
times as great, and since the velocity is 36 inches per 
second, the cooling is 36 times as small. 

The cooling is, therefore: 

0.43 & 48/36, or 0.57 deg. as calculated above. 

Problem 5. The main of a one-pipe heating system is a 3-in. 
bare pipe, 150 ft. long; the average temperature of the water in 
the pipe is 190 deg.; its velocity is 2 in. per sec.; the tempera- 
ture of the surrounding air is 60 deg. How many degrees will 
the water cool in flowing the distance of 150 ft.? 


Use the diagram of Fig. 2 as follows: Assuming the 
pipe surface temperature to be 186 deg., the temperature 
difference will be 186-60, or 126 deg. Find 126 on the 
lower margin, move vertically to the 3-in. curve and 
thence horizontally to the left margin and read 2.75. 
The cooling will be 0.275 « 150/2 or 21 deg. 

Problem 6. If, in Problem 5, the pipe is covered with pipe 
covering having an efficiency of 80 per cent, what will be the 
cooling ? 

If a pipe covering has an efficiency of 80 per cent, it 
permits a heat loss of only 20 per cent of that of the bare 
pipe. In this case, the heat loss would, therefore, be 20 
per cent of 21 deg. or 4 deg. 

Problem 7. A second floor radiator is supplied with 500 lb. of 
water per hr. at a temperature of 190 deg.; the room temperature 
is 70 deg. The riser is 12 ft. long; how many degrees will the 
water cool if the riser is a ¥%4-in. pipe, and how many degrees, 
if it is a 1-in. pipe? 

As the unit weight of 190 deg. water is 60.36 pounds, 
500 pounds are equivalent to 8.3 cu. ft. The velocity 
of the water will, therefore, be 8.3 « 270 « 12/3600, 
or 7.5 inches per second in the 34-in. pipe and 4.6 inches 
per second in the 1-in. pipe. 

Using the diagram, as explained above, we find the 
cooling to be 1.9 deg. in the 34-in., and 2.3 deg. in the 1- 
in. pipe. 

This calculation shows that when the flow and return 
risers of a radiator are of different sizes it 
use the smaller pipe for the flow riser. 

Problem 8. 
through the pipe lines of a gravity-circulation greenhouse heat- 


is best to 


At what rate does the water cool in flowing 


ing system? 

Let the system be constructed as shown in Fig. 3. As- 
sume that the temperature of the air in the greenhouse is 
60 deg. and that the water reaches the upper end of the 
flow riser at a temperature of 180 deg., when the sys 
tem is operating at a uniform rate. As the water flows 
through the system, the cooling takes place partly in the 
upper flow main, partly in the return risers leading to 
the heating coils, partly in the heating coils, and partly 
in the return line connecting the heating coils to the 
heater. (The flow riser should be covered and the cool- 
ing in it may be neglected. ) 

The difference in the weight of the water in the flow 





270 


and return risers produces the pressure head which 
maintains circulation and which is equal to the friction 
head in the entire system during the period of uniform 
operation. During that period, the water will flow with 
a uniform velocity through the system. What that 
velocity is, we do not know, but we may determine it 
by trial calculations. 

Let us begin by assuming that the velocity in the 4-in. 
flow main is 3 inches per second. In that event, the 
velocities in the other pipes will be as follows: 

In the two 3-in. lines: 3 19.5/2 11.3, or 2.6 inches; 
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Fig. 2, 0.249/2.6, or 1 degree, and the water will 
enter the heating coils at 172 deg. 

The cooling in each of the eight 2-inch lines will be, 
from Fig, 2, 0.34x120/1.4, or 29 degrees, and the water 
will enter the return connections at 143 deg. 

The over-all cooling in the system will be 37 degrees. 

For a velocity of 3 inches per second in the 4-in. 
main, the quantity of water flowing through the sys- 
tem is 

3X 3600 x 60.6/12 « 11.3, or 4820 Ib. per hr., and the 
total heat output is 4820x37, or 178,000 B.t.u. per hr. 





_—, 6S 


“ 





~ 
N 


“ 
™“ 





® 


And for A belocity OF One Inch Per Second 
™“ 
Q 9 


Cooling Of Water /rn F Divided By /0 


Per Foot Of Pipe 


O 
O 20 40 












60 GO 00 £20 
Temperature Difference,‘ Pipe Surface Jo Air 


/40 [60 80 200 








Fic. 


in the eight 2-in. lines, 342.9/8X 11.3, or 1.4 inches. 
To find the cooling in the flow main, assume that it 
is about 10 deg., so that the average temperature of the 
water in the flow main will be about 175 deg. The tem- 
perature difference, pipe surface to air, will then be 
about 115 deg., and the cooling in the flow main (120 
feet long) will be, from Fig. 2, 0.18 120/3, or 7 de- 
grees, and the water will enter the return riser at 
173 deg. 
The cooling in the 3-in, return lines will be, from 
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By using the method described in the A. S. H. V. E. 
GuivE and also in “Design of Gravity Circulation Water 
Heating System” (Giesecke) we find that, for the as- 
sumed circulation through the system, the pressure 
head would be 560 milinches and the friction head, 290 
milinches. This proves that the assumed velocity of 3 
inches per second was too low. 

By repeating the calculation and assuming a velocity 
of 4 inches in the flow main, we find a total temperature 
drop of 26 degrees, a total heat output of 166,000 
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B.t.u. per hr., a pressure head of 370 milinches, and a 
friction head of 480 milinches. This proves that the 
assumed velocity of 4 inches is too high. 

We may conclude, therefore, that the actual velocity 
in the flow main will be between 3 and 4 inches per 
second and the actual heat output between 178,000 and 
166,000 B.t.u. per hr. 

The calculation described above is sufficiently accur- 
ate for practical purposes, but not absolutely accurate. 
For instance, it was assumed in the calculation that the 
4-inch main is surrounded by bodies having a tempera- 
ture of 60 deg., whereas, the glass roof and walls will 
be colder than 60 deg. when the greenhouse is losing 
heat at the rate of about 170,000 B.t.u. per hr. Con- 
sequently, the 4-in. main will dissipate more heat than 
calculated. On the other hand, the 2-in. pipes of the 
heating coils will dissipate less than the quantity cal- 
culated, because they are surrounded by objects having 
a higher temperature than 60 deg., when the system is 
in operation as described. 

Formula 1, presented at the start of this article, was, 
as explained, proposed by Doctor Wamsler and based on 
the following reasoning : 

Every object radiates heat to its surroundings and re- 
ceives heat from them. 

The quantity of heat radiated by an object varies with 
the character of its surface and is proportional to the 
fourth power of the absolute temperature of that surface. 


Hence, we have 
T 
- San AE........ (3) 
100 
Where 


© = heat, in B.t.u., radiated per hour by a given 
object ; 


Q=AC 


A = area of the surface of the object, in square 
feet ; 

/== radiation factor (multiplied by 100*) of the 
surface, in B.t.u., per hr., per sq. ft. The radiation fac- 
tor is equal to the number of B.t.u. radiated by the sur- 
face per hr. and per sq. ft. when the temperature of the 
surface is one degree absolute. The factor 100* is in- 
troduced to simplify later calculations. 

= absolute temperature of the surface in deg. 
Fahr. 
EK =heat emission of the particular surface, in 
B.t.u. per hr., per sq. ft., for the temperature T. 
Let By and Be represent small portions, say one 
square foot, of infinitely large parallel plane bodies, 
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and let each of the bodies be protected by a perfect 
mirror, M, so that no heat rays can pass through either 
body and so that all heat rays passing from one of the 
bodies to the other will be either absorbed or reflected by 
that body. 

In considering this to-and-fro reflection, the reader 
should bear in mind that its velocity is the same as that 
of light, namely, about 186,000 miles per second. Also, 
that there is no difference between the two types of 
radiation known, respectively, as heat and as light, except 
wave length. These wave lengths are extremely short. 
They are measured in angstroms. Ten million angstroms 
are equal to one millimeter. The wave length which the 
human eye can sense, and which we call light, varies from 
about 7,000 angstroms for red light to about 4,000 ang- 
stroms for violet light. Radiations of longer wave 
length than about 7,000 angstroms are called infra red. 
They include the heat radiation of the ordinary heating 
coils and radiators and the long waves used in wireless 
circuits. Radiations of shorter wave length than about 
4,000 angstroms are called ultra violet; they include the 
Roentgen rays which may have wave lengths as short 
as one angstrom. 

The total heat (B.t.u.) radiated by the body, By, per 
square foot and per hour is its emissivity and is repre- 
sented by E;. (At 180 deg. fahr., the emissivity of rough 
cast iron is about 258 B.t.u., and that of polished copper, 
about 84 B.t.u.). 

The fractional part of the total heat radiated upon the 
body B; which is absorbed by A, is the absorbivity of 
B, and is represented by a;. (The absorbivity of rough 
cast iron is about 92 per cent and that of polished copper 
is about 30 per cent.). 

The corresponding properties of the body Bye are rep- 
resented, respectively, by E2 and ag. 

Considering the reciprocal heat exchange between the 
bodies B,; and Be, we note that B, radiates E, B.t.u. to 
Bo; of this quantity, By absorbs FE, ag and reflects I, 
(l—az) back to B; which, in turn, absorbs E,; (1—ae) a, 
and reflects E,; (l—az2) (1—a,), and so on, indefinitely. 

Considering the quantity of heat E, radiated by B, 
toward Be, and representing (l—azg) (l—a,) by k, we 








Ey a2 
note that E,; ag (1+k+k*+k*®+etc.), or —— B.t.u. 
1--k 
are absorbed by Bo; 
and that 
Ey (1— ae) ay 
FE, (l—ag) a, (14+k+k?+k*+ etc.) or —————— 





1 -k 
B.t.u. are reflected back to atid reabsorbed by By. 
Similarly, of the quantity of heat Es, radiated by Bz 
Eo ay 
toward By, the body B, absorbs —— B.t.u. 
1—k 
When the reciprocal heat radiation assumes a steady 
state, the two bodies will be of like temperature. At that 
time, the total heat radiated by B, is equal to the total 
heat absorbed by B,; i. e., 
Ey (1—az) ay Ee ay Ey Ee 
E,; = + and, hence, = — 
1—k 1—k i se 
To facilitate computations, the concept of a “black 
body” was introduced by Kirchhoff. A black body is 
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one which absorbs all heat radiation impinging upon it. 
There is no black body in nature. The nearest approach 
to a black body in nature is a small aperture leading into 
a large cavity. All heat radiation passing through such 
an aperture enters the cavity and is there reflected to and 
fro, so that practically no part thereof escapes outward 
through the aperture. Lamp black has an absorption of 
about 92 per cent of that of the black body. 

If we represent the emissivity and absorbivity of the 
black body, respectively, by E and a, and remember that 
the black body absorbs all heat radiated upon it and 
that, therefore, the value of a is 100 per cent, or 1, we 

Ey Es 
have: — == — = E, or, in words: 
ay a2 

The ratio of heat emissivity to heat absorbivity is the 
same for all bodies and is equal to the heat emissivity 
of the black body. This relation was first established 
by Kirchhoff, and is known as Kirchhoff’s law. Further 
analysis shows that the law is strictly true only for radia- 
tion of the same wave length and for a fixed tempera- 
ture. For the purpose of calculations relating to heating 
systems, it may be considered true for all wave lengths 
and all temperatures. 

If B, is at.a higher temperature than Be, the quantity 
of heat lost by B, to Bg is equal to the total heat radi- 
ated by B,; minus the total heat absorbed by By, or 
equal to 
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Ey ( ls—az ) ay Es ay 


O=E, stu. per hr. per 


~ 


1—k 1—k 
sq. ft. 
By substituting in this equation the following values 
EK; = (C, (T1/100)*; Ex = C, (T2/100)* 
k= (l—a,) (1—age) 
a; == C,/C and as = C2/C because 
E,/ay == Ff, ° ay = E,/E = C; (T,/100)* = 
C (T,/100)* = C,/C, where C is the radiation coeffi 
cient of the black body, the equation will reduce to: 














i t— 1 T./ 
| 100 | 100 
Q=-— — B.t.u. per hr. per sq. ft. 
1 1 1 
eames + nem eip> gehen 
Ci Ce Cc 


transferred by radiation from the body B, to the parallel 
and adjacent body Be. 

Further analysis shows that the same heat transfer 
takes place when the body B, is completely surrounded 
by the body Be and that the heat transfer is not affected 
by the distance between the two bodies. The formula 
may therefore be used to calculate the heat losses by 
radiation of a single pipe surrounded by objects for 
which an average temperature (T2) and an average 
coefficient of radiation (C2) may be assumed. 


Warm Air Heating 
in a Foundry 


HE illustration presented here shows the appli- 

cation of warm air heating in one of the large 

foundries of the Forest City—Walworth Run 
Foundry Co., Cleveland, Ohio. This is the foundry at 
West 49th street and Maywood avenue. As designed, 
the heating plant has about one-third to one-fourth of the 
capacity of the building in which it is located. The 
foundry is 300 feet long by 150 feet wide and has a 
great expanse of glass in the side walls. The peak of 
the monitor is 36 feet high. 

It is claimed that one of the problems solved by this 
heating system is the elimination of the annoying forma- 
tion of steam and fog at the time of pouring the melted 
metal or when the outdoor humidity is high. The fog or 
steam usually forms when the molds are being poured 
and frequently offers serious hazards in connection with 
handling the hot metal, With the new heating plant in 
operation, it is claimed that this trouble is entirely elimi- 
nated in that portion of the foundry most vitally con- 
cerned, 

This heating system, the character of which may be 
seen in the illustration, is equipped with a furnace hav- 
ing a 32-in. fire pot with a 60-in. casing. It is an ex- 
ceptionally heavy model, the casting alone weighing about 
3,000 pounds..’ To offset the static pressure built up in 
the duct, a blower directly connected has been installed 
on the return side of the system. Note in the illustration 
the length of the conductor pipe. 








IPE lines for transporting ma- 
Presa of many different kinds 

are being employed throughout 
the civilized world today a great deal 
more extensively than ever before 
and evidences of the increasing utili- 
zation of the great economies to be 
gained by this method of transporta- 
tion are apparent on every hand. 

A striking illustration of this may 
be found in the fact that the map of 
the United States is becoming liber- 
ally striped with trunk pipe lines for 
transporting oil, rivaling in extent 
our vast system of railroad transpor- 
tation. Gas and water are also car- 
ried long distances across country by 
large pipe lines and _ distributed 
through systems of smaller pipes to 
the many places where they are used 
at the centers of population and in- 
dustry. 

We seldom stop to consider in the 
daily routine of this modern age how 


Piping Viscous Liquids 


By J. J. Harman 





| is the purpose of this paper to 

discuss some of the special prob- 
lems encountered in the design, in- 
stallation and maintenance of piping 
systems for viscous or semi-fluid 





liquids which lie in the border land 
between the liquid and the solid 


states. 


Conspicuous examples of 


this class of adhesive, slow-moving 
liquids are animal, vegetable and 
mineral oils, bituminous compounds, 
syrups, chemicals and process liquids. 





dependent we are on piping systems 
for the common necessities of our 
everyday life. All the materials that 
contribute to our welfare exist in one 
or more of the three general states, 
solid, liquid or gaseous, and of these, 
gases and liquids can be readily car- 
ried in pipes, while solids also can be 
successfully handled when pulverized 
and carried in suspension in a liquid 
or gaseous fluid. In present day com- 
mercial practice, steam, water, air, 
oil, gas, process liquids, semi-fluid 
liquids, and solids in suspension are 
all successfully handled in pipe lines. 

As indicated by the title, it is the 
purpose of this paper to discuss some 
of the special problems encountered 
in the design, installation and main- 
tenance of piping systems for viscous 
or semi-fluid liquids which lie in the 
border land between the liquid and 
the solid’ states. Conspicuous exam- 
ples of this class of adhesive, slow- 
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for oils of similar composition. [1 
general the specific gravity does not 
determine the viscosity as is clearl) 
indicated by the data shown in Fig. 1. 


Temperature Affects Viscosity 


The pressure drop caused by the 
frictional resistance to flow in a pipe 
line depends to a large extent on the 
degree of mobility possessed by the 
liquid, but in the case of semi-fluid 
liquids it is also greatly influenced by 
temperature, because, unlike the 
viscosity of water which is affected 
comparatively little by changes in 
temperature, the viscosity of a semi- 
fluid liquid often varies through a 
wide range with a comparatively 
small rise or fall in temperature. It 
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Fic. 3—Conversion TABLE For Repwoop, SAyBOLT AND ENGLER VISCOSIMETERS 
Time, ratio Time, ratio 
Time, Time, Time, Time 
Engler * ae Redwood || Engler a < Redwood 
Engier- | Engler Engler Engter- 

Sec. Sec. Sec. Sec. 
56 1.73 2.61 1.51 21.5 140 1.55 1.81 1.17 77.5 
38 1.72 1,93 1.12 30.0 150 1.4 1.80 1.17 83.2 
60 1.71 1.93 1.13 31.2 160 1.53 1.80 1.17 99.1 
62 1.70 1.92 1.13 32.2 180 1.53 1.80 1.17 100.3 
64 1.60 1.91 1.13 33.4 200 1.52 1.79 1.18 111.9 
66 1.68 1.91 1.13 s.6 22s 1.52 1.79 1.18 126.0 
68 1.68 1.90 1.14 35.8 250 1,51 1.78 1.18 140.3 
70 1.67 1.90 1.14 %.9 275 1.51 1.78 1.18 154.4 
75 1.65 1.88 114 x.8 300 1.51 1.78 1.18 168.5 
80 1.63 1.87 1.15 42.7 325 1.51 1.78 1.18 183.0 

1.62 1.86 Lis 45.7 350 1.50 1.78 1.18 _197,0 
1.61 1.86 1.15 48.5 378 1.9 1.77 1.18 211.3 
1.60 1.85 1.16 51.4 400 1.90 1.77 1.18 225.5 

100 1.59 1.6 1.16 s.3 500 1.50 1.77 1.18 282.0 

110 1.58 1,83 1.16 60.1 600 1.50 1.77 1.18 339.0 

126 1.3% 1.82 1.16 66.0 

130 1.56 1.81 1.17 71.7 























is necessary, therefore, to know the 
viscosity throughout the temperature 











@ These values were calculated directly from the times of discharge and differ in some cases by 0.0: from 


values calculated from the two previous columns. 


moving liquids are animal, vegetable and mineral oils, 
bituminous compounds, syrups, chemicals, and process 
liquids of various kinds. 


High Viscosity Increases Pressure Drop 


In piping liquids of this character which may have 
viscosities several hundred times greater than that of 
water, it is evident that larger pipe sizes must be used 
than are necessary for piping water, because of the 
greatly augmented frictional resistance due to the in- 
creased “skin friction” of the viscous fluid flowing 
against the inner wall of the pipe and also to the greater 
“molecular internal friction” of the liquid itself. 

In spite of this obvious fact, the writer has in mind 
at the present moment an actual piping installation for 
fuel oil which was laid out in accordance with the ordi- 
nary practice for water pipes without taking into con- 
sideration the relatively high viscosity 
of the oil, and when the piping sys- 
tem was placed in operation the un- 


range anticipated in service. 

The change in viscosity of oil at 
temperatures above the wax separa- 
tion point has been found to be a logarithmic function 
of the temperature, and if the viscosity is known at two 
different temperatures within this range, the viscosities 
at other temperatures above the wax separation point 
may be readily determined by platting a straight line 
chart through the two known viscosities on semi-loga- 
rithmic cross-section paper. The position and slope of 
this line will be different for different oils, and this easy 
means of determining the viscosity at different tempera- 
tures is of great practical benefit in connection with 
viscous liquid flow computations. 

The comparison shown in Fig. 2 of the kinematic vis- 
cosities of water and of five typical American lubricating 
oils at temperatures of 100 deg. fahr. and 212 deg. fahr. 
is of interest both in showing the relative viscosities of 
these different liquids and in showing the varying effect 
of temperature changes. 


Fic. 4.—KINEMATIC VISCOSITIES FOR ENGLER AND SAYBOLT VISCOSIMETER READINGS 












































satisfactory performance came both Engler geneler 
; wi . . degrees= Time, | Time, | Time, | Segrees= |Kinematic 
as a disappointment and a surprise. FEMS | dovpsit| "rats | time, x inemity’ || Engle | Saybeit| ratio’ | time, Engler | viscosity 
An oversight of this kind is perhaps 51.36 7 
uncommon but even when the slug- =e 
gish character of the liquid is real- Sec. | Sec. Sec. | Sec. pcm? 
ized, the determination of the proper $6 | 32.4 | 1.73 1.09 0.0155 130 83.6 | 1.56 2.54 — 
: 3 140 90.6 | 1.55 2.73 . 
size of pipe to use fo fi ‘ Ss) or) +s ps _— 
pipe to u r a definite set ax Baas | om —~ ‘an 150 07.4 | 1.54 2.93 .1956 
of conditions is not an easy problem ez | 365 | 1.70 1.21 0308 160 | 104.4 | 1.53 3.12 2121 
to solve, because it involves a num- % | 37.8 | 1.69 1.25 0356 180 | 117.7 | 1.53 3.51 2437 
ber of different factors, and there are 6 | 9.2 | 1.68 1.29 -0403 a | 5 | LS a pe 
iri : os | 40.6 | 1.68 1.33 0448 22s | 148.3 | 1.52 4. . 
n : 
numerous empirical formulas in more ame 1 oa — po oo | was | 19 4.88 3523 
or less common use which give re- ss | 4s.s | 1.65 1.46 0603 27s_—«| «(382.0 | 1.51 5.36 . 3904 
sults that are far from correct if they ao | 4.0 | 1.63 1.56 .0709 300 | 199.0 | 1.51 5.85 - 4282 
, e : 4660 
are applied to conditions different 8 | 52.4 | 1.62 1.6 anes = —- aa re jaan 
i 1 go | ss.8 | 1.61 1.76 . 0905 y ' : 
from those for which the formulas hielo a -— ss | 209.2 | 1.50 7.31 5413 
were developed. xo || ozs | 1.39 1.95 1095 ao | 266.1 | 1.50 7.80 . 5784 
é 7271 
It is a rather common fallacy to 110 | 6.8 | 1.58 2.15 .1278 500 =e bens he co 
consider the specific gravity of an oil = | =) -/_ ans 


a measure of its flow characteristics, 
but this is only true in a rough way 





@ See T. P. 100, p. 23. : 
b This value holds good for all higher viscosities. 
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Pressure Affects Viscosity Slightly SSE 2a Zs 
Putting a liquid under high pressure also has an effect - 
on its viscosity, but in general this effect is slight for the Streamtine Siow Yorbu ler? Flow 


pressures ordinarily encountered in commercial practice, 
and it is usually unnecessary to take into account the 
increase in viscosity due to increase in pressure. 

A change in pressure affects the viscosity of water 
very little, while the viscosities of animal, vegetable, and 
mineral oils are materially increased when the pressure 
is raised to 10,000 or 15,000 pounds per square inch. 

The viscosity of oil and other sluggish liquids is de- 
termined by an instrument known as a viscosimeter of 
which a number of standard makes are in use at the 
present time. The general principle used in all viscosi- 
meters is to heat the liquid to a definitely controlled tem- 
perature in a vessel, and when the desired temperature 
is attained, a small orifice in the bottom of the vessel is 
opened and the liquid allowed to flow into a measuring 
flask, the time, in seconds, required to fill the flask being 
the measure of the viscosity. 


Computing Kinematic Viscosities 


Winslow H. Herschel, associate physicist, United 
States Bureau of Standards, standardized the Saybolt 
Universal Viscosimeter in 1918, established time-ratios 
for converting Saybolt (American), Engler (Germany), 
and Redwood (British) viscosimeter readings into com- 
mon terms, and tabulated the kinematic viscosities cor- 
responding to the various viscosimeter readings. The 
results of his work are published in United States Bureau 
of Standards Technologic papers Nos. 100 and 112. A 
tabulation of the time-ratios and kinematic viscosities 
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for the various viscosimeter readings as determined by 
the United States Bureau of Standards are shown in 
Figs. 3 and 4. The formulas used by the United States 
Bureau of Standards in computing the kinematic viscosi- 
ties are as follows: 


1.80 
For Saybolt Viscosimeter—k = .00220S — - 
S 
3.74 
For Engler " —k = .00147E - = 
E 
1.715 
For Redwood “6 —k = .00260R 
R 
poises 
k = Kinematic viscosity, ———————————___ 


density in grams per cu. cm. 


S = Saybolt time, seconds 
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Engler time, seconds 





Ky == Engler Degrees, 
51.3 
Kk == Redwood time, seconds 
Those who have occasion only once in a great while 
to make fluid flow computations may well be confused 
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by the great variety of formulas in use, and particularly, 
by the variations in the systems of units employed. Vis 
socity is especially confusing because its absolute value 
is usually expressed in poises, centimeter-gram-second 
units, but it is sometimes expressed in centipoises and 
sometimes in foot-poundal-second units. Those who use 
the centipoise as a unit do so because the viscosity of 
water at 68 deg. fahr. is one centipoise, and this fact 
simplifies the computations. The kinematic viscosities 
computed by the United States Bureau of Standards 
formulas and shown in Figs. 3 and 4 are expressed in 
poises divided by density in grams per cubic centimeter. 
These values may be transposed to centipoise units by 
multiplying by 100 and to the English foot-poundal 
second units by multiplying by .001076. 

The gravity of the oil is usually expressed in degrees 
Jaumé as determined by the hydrometer test and this 
may also lead to some confusion because there are two 
Baumeé gravity scales in use for liquids lighter than water. 
The relation of the original Baumé scale to specific 
gravity is expressed by the formula: 


140 





Specific gravity = 

130+ Baumeé degrees 
It was found, however, that in the oil industry the 
great majority of the hydrometers in use were not grad- 
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uated on the basis of the above relation but were more 
nearly in agreement with a scale represented by the 
formula: 


141.5 





Specific gravity = — 
131.5-+ Baumé degrees 
This scale is now known as the API scale. 
approved in December, 1921, by the American Petroleum 
Institute, the United States Bureau of Mines, and the 
United States Bureau of Standards, and it was recom 
mended that in future no other scale should be used in 

the petroleum industry. 

For liquids heavier than water a single Baumé scale 
is in general use and its relation to specific gravity is ¢X 
pressed by the formula: 


It was 


145 
Specific gravity = _ 
145—Baumé degrees 
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" Fluid Flow in Pipes 


Two examples of empirical formulas for the flow of 
oil in pipes are Forrest M. Towl’s formula, extensively 
used by the eastern pipe line companies, and A, F. L. 
Bell’s formula, which is based on experiments with heavy 
asphaltum base California oil. These two formulas rep- 
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CONDITIONS 


SOMETIMES 


resent the two extremes of oil pipe line service in this 
country, but their application is strictly limited to cer- 
tain specific conditions. Neither of them takes the vis- 
cosity of the liquid into account, but the Bell formula 
does recognize the effect of temperature on the flow 
characteristics. For general use in connection with 
viscous liquid flow computations, it is evident that a 
universally applicable method of computation is neces- 
sary, which takes into account the various factors affect- 
ing the flow, 

The experiments of Professor Osborne Reynolds in 
England a half century ago demonstrated that fluids 
flowing in straight pipes at relatively low velocities travel 
with a steady stream line motion, each particle moving 
in a straight line, but when the velocity is increased to 
a certain point, known as the critical velocity, eddies 
begin to form, and as the velocity is still further increased 
the stream line flow changes to turbulent flow. 


Stream Line and Turbulent Flow 

lig. 5 illustrates the two varieties of flow known re- 
spectively as stream line, viscous, or non-sinuous flow, 
and turbulent, eddy, or sinuous flow in straight pipes. 
The first two sketches show the flow lines of the indi- 
vidual particles making up the aggregate of the liquid, 
the third and fourth being typical velocity curves show- 
ing the distribution of velocity throughout the cross-sec- 
tion of the pipe. 
_ In stream line flow, it will be noted that the velocity 
'S very small near the pipe wall, increasing gradually 
toward the center, the ratio of the average to the maxi- 
mum velocity being approximately .5; while in turbulent 
flow, the eddies tend to keep the velocities adjacent to 
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erate velocities, 
locity, resulting in turbulent flow, but in handling vis- 
cous liquids the flow is more likely to be stream line. 
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the pipe wall and at the center of the pipe more nearly 
uniform, the ratio of the average to the maximum ve 
locity being approximately .85. 

Due to the relatively slow movement of the liquid at 
the pipe wall when the flow is stream line, the rough 
ness of the bore of the pipe has comparatively little effect 
on the friction loss, while in turbulent flow where the 
velocity at the pipe wall is considerably increased, the 
effect of a rough interior surface is more pronounced. 
In commercial practice the flow of a mobile liquid like 
water, except in the case of very small tubes and mod 
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is always well above the critical ve 


Professor Reynolds discovered the conditions which 


produce these two kinds of flow and established the 
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VD 





Reynolds’ criterion , in which V equals the velocity 


K 


of the fluid, D equals the diameter of the pipe, and K 
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equals the kinematic viscosity of the fluid. His experi- 


VD 





ments indicated that for values of less than 2,000 
K 

the flow is stream line, and for values above 3,000 the 

flow is turbulent. In the critical region between 2,000 
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and 3,000, the flow is uncertain and may be either stream 
line or turbulent. When designing a pipe line it is, con- 
sequently, desirable to change the pipe size bringing the 
flow into the viscous region if the computations indicate 
that the flow is within the critical range, or if this is 
impracticable, to assume turbulent flow conditions 
throughout the critical region, in order to be on the 
safe side. 

A great many experiments have been conducted by 
numerous investigators on the flow of fluids in pipe lines 
and formulas galore have been proposed, many of which 
involve the use of arbitrary constants and decimal ex- 
ponents, the values of which vary widely according to 
the different investigators. While such formulas ac- 


Heating -Piping 
and Air Conditioning 





August, 1929 


curately express the particular ranges of flow condi- 
tions on which they are based, it appears quite probaiyle 
that for general use the uncertainty in selecting ihe 
proper values for the constants and exponents involves 
errors fully as great as would be incurred by using the 
simpler Chézy formula, in which the loss of head is 
inversely proportional to the pipe diameter, and directly 
proportional to the velocity squared, multiplied by a 
variable surface friction factor. 

In 1914 Stanton and Pannell conducted a series of 
tests on the flow of air, water, and oil in smooth-drawn 
brass pipes ranging in diameter from .144-in. to 4.97-in. 





Form or Atioy Cast [ron Pipe Witu 


ScrREWED CONNECTIONS 


Fic. 16.—NeEw 





at the National Physical Laboratory in England, and 
from the data secured prepared a chart based on the 
Chézy formula for computing the flow of fluids in pipes. 
Their chart takes into account the various factors affect- 
ing the flow, and hence is universally applicable to fluids 
of all kinds both liquid and gaseous.* 

The research laboratory of applied chemistry of the 
Massachusetts Institute of Technology in 1921 published 
the results of an extensive series of tests made by 
Wilson, McAdams & Seltzer with four widely different 
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mineral oils ranging from 20,700 to 330 Saybolt seconds 
viscosity at 70 deg. fahr. and flowing through approxi- 
mately 150 feet of 1-in., 2-in., and 4-in. commercial steel 
pipe lines. While the results of these tests check very 
well with the Stanton and Pannell experiments in the 
stream line flow region, consistently. higher values for 


the variable friction factor were found in the turbulent 


* See Philosophical Transactions Royal Society, Vol. 214, 1914; also 


American Petroleum Refining by H. S. Bell, C. E. 
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flow region. This divergence is readily accounted for by 
the frictional resistance caused by the increased rough- 
ness of the inside wall of the pipe line. 


The results of other investigators experimenting with 
different fluids such as water, steam, and air flowing in 
pipes ranging in size up to several feet in diameter also 
agree very well with these data. The chart shown in 
Fig. 6 is based on a study of extensive data secured by 
various investigators from experiments with oil, water, 
steam and air, and consequently may be used for viscous 
liquid flow as well as for water, air, and gas. Allowance 
must be made, however, and extreme accuracy can not 
be expected when the liquid is in a semi-solid plastic con- 
dition or carries an appreciable percentage of solid ma- 
terial in suspension. Errors of considerable magnitude 
are also introduced when the pipe is badly corroded or 
the cross-sectional area reduced and the friction factor 
increased by incrustations or deposits of solid material. 
Variation in the temperature of the liquid at the center 
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of the stream and at the wall of the pipe may also cause 
a pressure drop differing from the calculated results 
based on the average temperature, particularly when the 
flow is stream line and when the viscosity of the liquid 
increases rapidly with a relatively small change in tem- 
perature, 


Friction Factor Chart 


In Fig. 6 it will be noted that throughout the stream 
line flow region the friction factor curve is a single 
straight line, platted at an angle of 45 deg. with the axes 
of coordinates, while in the turbulent region two curves 
are shown, the lower curve approximating the values 
proposed by Stanton and Pannell based on experiments 
with smooth drawn brass pipes, and the upper curve 
being slightly higher than the one proposed by the Mas- 
sachusetts Institute of Technology for commercial steel 
and cast iron pipe lines. In this connection it is of in- 
terest to note that for the larger turbulence factor values, 


T 


the upper curve is also very close to the Williams and 
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Hazen Tables, with “C” equal to 120, which is the value 
given for cast iron pipe lines five years old. 
The X-axis, or horizontal scale, of the chart is the 
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VD 
Reynolds’ criterion or turbulence factor, , in which 
K 
V = velocity of fluid in feet per second, D = inside 


diameter of pipe in feet, and K = kinematic viscosity 
of the fluid in foot-poundal-second units. The Y-axis, 
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VALVE 
or vertical the variable surface friction 
factor “f”’. 
The loss of head for either stream line or turbulent 


flow is computed by the modified Chézy formula : 


scale, is 


LL #6Y¥5 
H=4xfx—x— 
D 2g 
in which H = loss of head in feet 
f == friction factor 


I. == length of pipe in feet 
D = inside diameter of pipe in feet 
V = velocity of fluid in feet per second 
g = acceleration of gravity 
(32.2 feet per second, per second) 

In order to express the formula in more convenient 
units, let us assume a unit length of pipe of 100 feet, 
express the pipe diameter in inches, and collect all of 
the constants into one factor, The formula then be- 
comes : 

v2 
h = 74.534x ix— 
d 


in which h == loss of head in feet per 100 feet of pipe 


d = diameter of pipe in inches 
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The loss of head values for various conditions shown 
in tabulation at upper right hand corner of chart were 
computed by the aid of the chart and indicate the effect 
of high viscosity on the friction loss in pipes, particu- 
larly in the smaller pipe sizes, and in the stream line flow 
region where the friction loss varies directly with the 
viscosity. In the turbulent region the effect of viscosity 
is relatively less, possibly due to increased violence of 
the eddy currents as the liquid becomes more mobile. 
For this reason, when the flow is turbulent considerably 
less friction loss is saved by heating the liquid to reduce 
its viscosity than when the flow is stream line. This 
fact may be illustrated by the data shown in table Fig. 6. 
It will be noted that the flow is stream line at both 400 
and 800 Saybolt seconds viscosity for a 10 foot velocity 
in a 2-in. pipe, and turbulent for a 10 foot velocity in a 
12-in. pipe. The values shown in the table indicate that 


~, 
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the saving in loss of head by lowering the viscosity from 
800 to 400 is over 50 per cent in the first case and in the 
second case is less than 18 per cent. 

At first thought it would appear that the same formula 
could not be used for both stream line and turbulent flow. 
because in stream line flow the head loss is known to 
vary directly as the velocity, while in turbulent flow it 
varies approximately as the square of the velocity. [' 
was discovered, however, by Stokes in England, about 
70 years ago, and later rediscovered by several other in 
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vestigators, that in stream line flow the friction factor 
“f” in Chézy’s formula varies inversely as the velocity 
and the V* consequently reduces to V as in Poiseuille’s 
Law. In turbulent flow the friction factor is quite evi- 
dently a more complicated function and does not plat 
as a straight line on logarithmic paper. This curve is 
also raised or lowered by variation in the roughness of 
the interior surface of the pipe and a certain amount 
of judgment has to be used in selecting proper values 
for “f” in this region. The two curves shown in the 
chart may be taken as representing the upper and lower 
limits encountered in ordinary commercial practice and 
the value chosen for “f” should lie somewhere between 
the two curves, depending upon the relative roughness 
of the interior surface of the pipe. 


Applying the Chart 

In order to illustrate the method of applying the 
chart to an actual problem, let us assume that it is re- 
quired to transport 30,000 barrels of mineral oil per 
24 hours, the oil having a Baumé gravity of 27 deg. 
and a viscosity of 130 Saybolt seconds at the average 
atmospheric temperature of 85 deg. fahr. Let us also 
assume that it is planned to place the pumping stations 
40 miles apart and to carry 600 pounds per square inch 
pressure at the pump discharge with provisions for 
later increasing the pressure to secure additional pipe 
line capacity. It is desired to find the commercial pipe 
size which will satisfy these conditions. 

First, convert the known data into the units used on 
the chart: 

Density 


141.5 





Specific gravity = = .8927 
131.527 ( Baumé degrees ) 
Density = .8927 «62.43. (weight of water) = 55.73 


lbs. per cu, ft. 
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Pressure Drop 


600 Ibs. per sq. in. 





40 miles x 5280 feet = .2841 Ibs. per sq. in. per 100 ft. 
of pipe 


100 feet 
. 2841 & 144 sq. in. 


—_—_——_— .7341 head loss in feet 
55.73 (density ) 100 ft. of pipe 
Quantity of Oil Flowing 


30000 bbls. of oil 


h == per 





24 hrs. « 60 min. < 60 sec. 
3472 X 42 gallons per bbl. 


— ,3472 bbls. per sec. 





= 1.950 cu. ft. per sec. 
7 .48 gallons per cu. ft. 
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Kinematic Viscosity 
The kinematic viscosity may be interpolated from the 
data shown in Fig. 4 or may be computed from the 
United States Bureau of Standards formula. 
1.80 
k = .0022 « 130 -—- —— = .2722 in C. 
130 
To convert to English units multiply by .001076 
k = .2722« .001076 = .002929 
When the pipe size and other conditions except pres- 
sure drop are known, the loss of head per 100 feet of 


G. S. units 
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pipe may be computed directly from the modified Chézy 
formula, but when the pipe size is unknown the situation 
becomes more complicated, and the usual method is to 
proceed by trial and error. First, assume a pipe size 
and compute the pressure drop, then by comparing the 
computed value with the desired result estimate a closer 
pipe size and recompute, continuing in this manner until 
the specified conditions are fulfilled. Let us then as- 
sume a 12-in. pipe and compute the pressure drop: 
1.95 cu. ft. per sec. 
V=— 
.7854 sq. ft. (cross-sectional area of pipe) 

== 2.48 ft. per sec. 
From tabulation in Fig. 6, we see that for 12-in. pipe, 
2 foot velocity, and 100 Saybolt viscosity, the head loss 
would be somewhere between .19 and .25 feet per 100 
feet of pipe. Comparing this with the anticipated head 
loss of .73, it is apparent that the assumed 12-in. pipe 
is too large. 

Next taking 10-in. pipe, the next smaller commercial 
size, we have: 











1.95 
V = ———__ = 3.57 ft. per sec. 
. 5454 sq. ft. 
VD — 3.57 « 10/12 
= = 10400 
K 0002929 
f,; = .0075 and fz = .0099 
3.57" 


hy = 74.534 .0075 x —— = .71 ft., head loss per 100 
10 feet of pipe 
3.37% 
hy = 74.534 .0099« = .94 ft., head loss per 100 
10 feet of pipe 
The specified head loss of .73 feet falls between the 
maximum and minimum computed values and 10-in. 
pipe should be used. 

The diameter used in flow computations is, of course, 
the inside diameter of the pipe and for standard weight 
steel pipe in sizes 1 to 12-in., inclusive, the nominal pipe 
size is very close to the actual inside diameter, and may 
be used in flow computations without appreciable error. 
Originally, the bore of standard weight steel pipe in 
sizes smaller than 1-in. also conformed to the nominal 
pipe size, but the walls of these pipes were thicker than 
necessary and when the wall thicknesses were later re- 
duced this was accomplished by increasing the inside 
diameter, because the outside diameters were fixed by 
the established threaded and flanged joint connections. 
Changing the outside diameters would have resulted in 
expensive replacement of tool equipment at the manu- 
facturing plants and in great confusion in industry, due 
to lack of interchangeability, so the inside diameters were 
changed instead, and in the present standard weight steel 
pipes smaller than l-in. the bore is larger than the nom- 
inal pipe size. Steel pipe in sizes larger than 12-in. is 
designated by its outside diameter and is known as O. D. 
pipe. Extra heavy and double extra heavy pipes have 
considerably thicker walls and smaller inside diameters 
than standard weight pipe, so it is evident that nominal 
pipe sizes can only be used to a limited extent in flow 
computations. The table shown in Fig. 7 shows inside 
diameters of standard weight, extra heavy, and double 
extra heavy steel pipe, sizes 4% to 12 inches inclusive, 
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and of O. D: pipe, sizes 14 to 24 inches inclusive. Sizes 
31%4, 4%, 7, 9, 11, 15 and 22 inches are omitted, in ac 
cordance with the simplification program now being car 
ried out in the pipe, valve and fittings industries whereby 
sizes, the demand for which does not warrant production, 
are being eliminated. 


Pressure Drop Through Valves and Fittings 


The excess loss of head caused by valves, fittings 
changing the direction of flow or changing the cross- 
sectional area of the pipe, branch outlets splitting the 
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flow of a single pipe into two or more separate streams, 
and the like, must also be taken into consideration in 
computing the pressure drop in a pipe system. The 
standard engineering handbooks give values for head 
losses of this character expressed in terms of the number 
of pipe diameters required to produce an equivalent loss, 
and these values are applicable to viscous liquids as well 
as water, because the unit used is affected proportionately 
with the valve or fittings by changes in the viscosity of 
the liquid thus eliminating viscosity from consideration. 
The table shown in Fig. 8 may be used for this purpose, 
the equivalent length of pipe represented by the various 
valves and fittings incorporated in the pipe line being 
added to the actual length of the pipe in order to deter- 
mine the total pressure drop. 


Installation and Maintenance 


In this brief article it is only possible to discuss the 
problems of proper installation and maintenance of pip- 
ing for viscous liquids in a very general way, but it 1s 
hoped that the principles outlined will be helpful in 
studying the requirements of a specific installation. In 
general, the problems connected with the piping of vis 
cous liquids are similar to those for other pipe lines car- 
rying liquids, except that certain features, such as pro- 
tection against chilling or freezing and provision for 
cleaning out deposits of solid material are greatly accen- 
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tuated. Pipe lines should be laid with ample slope for 
drainage, when this is required; ample supports and 
anchors should be provided; proper provisions should 
be made for expansion and contraction; and the pipe 
lines should be laid out as straight and direct as possible, 
eliminating unnecessary turns and other features caus- 
ing avoidable pressure drop. 


Provision for Clean-Out 


Some viscous liquids are particularly troublesome to 
handle because they tend to precipitate solid material at 
certain temperatures which either clings to the inner 
walls of the pipe or collects at low points, obstructing 
flow and reducing the capacity of the pipe line. When 
conditions of this kind are encountered the design should 


am. 
C ) 


























—_ 











Y 


Fic. 26. 1,600 Ls. Test Iron Bopy, 
N. R. S., FLancep Dousie Disc GATE 
VALVE—SECTIONAL VIEW 


provide for cleaning out the line when necessary by flush- 
ing, or steaming, or by the use of scrapers or other suit- 
able means in order to maintain the efficiency of the 
piping system. Clean out openings should be provided 
at turns, pockets, etc., to facilitate the cleaning process 
and the pipe line should be so constructed that it can be 
readily dismantled when necessary for purposes of clean- 
ing or replacement of parts. 

Important sections of the piping system that are not 
readily accessible for repairs, are sometimes installed in 
duplicate with proper valve controls so that one of the 
lines may be held in reserve for emergency use, in case 
anything should happen to the other line. 

_ The 10-in., Series 600 cast steel flanged lateral shown 
in Fig. 9 is a special fitting used for duplicating a cross- 
country pipe line at river crossings, where repairs to the 
line would be difficult and would require considerable 
time. This fitting conforms to the requirements of the 
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American Standard for Steel Pipe Flanges and Flanged 
Fittings Bl6e, 1927, and is rated for 600 Ib. per sq. in. 
working steam pressure at 750 deg. fahr. and for 1000 Ib. 
working pressure when used on cold oil, water or gas. 


Heating the Liquid 


Heating the liquid to lower its viscosity and reduce the 
power required for pumping is often an economic ne- 
cessity, and in some cases liquids which solidify com 
pletely at the temperature of the surrounding atmos- 
phere are successfully handled in pipes by consistently 
maintaining an elevated temperature in the pipe line. 
The heating is usually accomplished by means of some 
form of heat exchanger, and the heat may be supplied 
either in the form of primary heat from a fuel fired 
heater or as secondary heat from electricity, steam, hot 
gases or liquids, depending upon the requirements of 
the problem and the availability of sources of heat 
supply. When a large amount of heat is necessary 
sound engineering requires that the heat shall be secured 
at low cost, and waste heat should be utilized whenever 
possible. Having heated the liquid to reduce its fric- 
tional resistance to flow, it is of course equally impor- 
tant to maintain its high temperature as long as possible 
and the pipe line should consequently be well insulated. 
In fact, it is sometimes found necessary or at least de- 
sirable, to add heat throughout the entire length of 
the pipe line which may be done by running a small 
steam pipe along side the viscous liquid line, encasing 
both pipes within a suitable insulating covering. A 
more effective exchange of heat may be accomplished 
by placing the steam pipe inside the viscous liquid pipe, 
but this construction interferes with the flow of the vis- 
cous liquid and greatly complicates the means of taking 
care of expansion and contraction. Specially designed 
electric heating systems extending along the entire length 
of the pipe line are also employed in some instances 
where accurate control of the temperature is essential. 

A fortunate circumstance which frequently occurs 
in industry is that viscous liquids are often heated to 
a high temperature during manufacturing processes, and 
in such cases sufficient heat may often be retained by 
proper insulation of the pipe line to keep the viscosity 
within satisfactory bounds, so that further addition of 
heat is not required. Cross country oil pipe lines located 
in tropical or semi-tropical regions absorb heat from the 
sun and the surrounding atmosphere, and consequently 
are usually laid on the surface of the ground, but in 
regions where the atmospheric temperature may be low 
enough at times to materially increase the viscosity of 
the oil it is customary to lay the pipe in a trench and 
cover it with about 18-in. of soil. The oil industry, in 
fact, presents one of the major viscous liquid piping 
problems in this country, and the views shown in Figs. 
10, 11, 12, 13, 14 and 15 give a general idea of the con- 
ditions encountered and the methods employed in con- 
structing cross-country pipe lines. 


Corrosion 


Corrosion, the ever present enemy of metals, is one 
of the most important causes of waste with which the 
world has to contend, and in recent years an increasing 
amount of laboratory and field research is being de- 
voted to the development of methods for progressively 








284 


reducing this outstanding evil. The problem of combat- 
ing corrosion on the inside of the pipe is perhaps the 
most common one in commercial installations, but ex- 
ternal corrosion of pipes exposed to corrosive atmos- 
pheric conditions or buried in chemically active soils is 
also encountered very extensively. Viscous liquid pipe 





Fic. 27. Series 600, Cast STEEL, BALL 
BEARING YOKE, FLANGED WepGE GATE 
VALVE 


lines are not immune from these conditions and when 
they are present provision should be made to meet the 
requirements of the situation. The usual methods em- 
ployed to reduce the bad effects of corrosion are: 


1. Providing excess metal thickness to compensate for 
loss by corrosion. 

2. Using metallic, bituminous, or other forms of cor- 
rosion-resistant coatings to protect the base metal. 

3. Using special metals or alloys that are highly resistant 
to corrosion under the particular service conditions 
in question. 

4. Chemical treatment of the fluid carried, to reduce its 
corrosive activity. 

Any expedient of this character necessarily involves an 
increase in the first cost of the piping valves and fittings 
or additional cost for special equipment to treat the fluid, 
but such additional expense may be readily justified if 
the overall cost extending over a period of years is sub- 
stantially reduced. 

Numerous kinds of pipe are in commercial use, but 
for the average conditions found in service the use of 
ungalvanized steel pipe is common practice. Cast iron 
pipe of the bell and spigot type is also very extensively 
used because of its resistance to alkaline and certain 
forms of acid corrosion as well as its ability to with- 
stand atmospheric and certain types of soil corrosion. 
Quite recently a new form of cast iron pipe has become 
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available, the outside and inside diameters of which con 
form to extra heavy steel pipe dimensions and the joint 
connections are made with American standard pipe 
threads. This form of cast iron pipe may be cut, 
threaded and installed in exactly the same manner as 
steel pipe, so that it can be readily used in many places. 
The pipe is made from a chrome-nickel alloy cast iron. 
Fig. 16 shows a length of this new alloy cast iron pipe 
with an alloy cast iron coupling on one end and a thread 
protector on the other. 

While first cost is usually a matter of major signifi- 
cance, the kind of piping material to use for a specific 
installation should not be determined on this basis alone, 
because efficiency in operation, satisfactory service, and 
long life are also vital factors in the overall cost and have 
a continuing effect on the economy of manufacturing 
processes. The decision, therefore, should rest upon con- 
clusions drawn from a judicious balancing of all these 
factors and the most economical system is often found 
to be relatively high in first cost but materially lower in 
maintainance and operating cost. 


Valves 


The proper selection of valves for viscous liquid pipe 
lines is a subject worthy of careful consideration, and 
good judgment must be used if efficient operation of the 
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Series 600, Cast STEeet, 
BEARING YOKE, FLANGED 
Wenpce GATE VALVE 


system is to be secured. The turbulent flow conditions 
set up by a globe valve causes head loss, and the hori- 
zontal diaphragm forms a pocket in which solids may 
collect and which can not be readily cleaned. The gate 
valve, on the other hand, affords a straight way passage 
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for the flow and for cleaning the line when the gate is 
lifted clear of the valve port. Cocks also provide a 
straight way passage for flow and are suitable for use 
with viscous liquids. Fig. 17 shows a lock pattern oil 
country cock which may be locked either in the open 
or the closed position. Fig. 18 shows the construction 
known as a spring plug cock in which the plug is pressed 
against the body seat by a spring. This construction 
eliminates the possibility of the plug becoming loose in 
service and of subsequently being tightened too hard by 
a careless workman. If the plug should stick it may be 
loosened by a sharp blow on the top and it will be im- 
mediately forced back against its seat by the pressure of 
the spring. Numerous patterns of cocks for various 
pressures, made in all iron, iron body with brass plug, 
and all brass constructions are available on the market. 


Double Disc Gate Valve 


Gate valves are of two general types, namely, solid 
wedge and double disc. The solid wedge gate valves are 
perhaps used most extensively but the double disc type 
valves are also very popular. The outstanding advan- 
tage of the solid wedge type is its simplicity in design. 
It is compact and rugged, has the least possible number 
of wearing parts, and is well adapted to withstanding 
incrustations, corrosion and hard usage. The principal 
advantages of the double disc valve are flexibility and 
“ase of repairing seats. The two discs in this valve are 
free to adjust themselves to fit the body seats, whereas 
in the solid wedge valve the tapered wedge must fit the 
tapered body seats very accurately or the valve will leak. 
It is a comparatively simple machining operation to re- 
pair the seats of a double disc valve and this may be done 
quite satisfactorily on an ordinary lathe, but it is a 
difficult matter to repair the seats of a wedge type valve 
outside of a properly equipped valve factory. On the 
other hand, the double disc valve has more wearing 
parts and the proper functioning of the mechanism is 
more likely to be interfered with by corrosion and de- 
posits of solids. Skillful design, suitable materials and 
high grade workmanship will produce a very satisfac- 
tory valve of either type, and in general these essential 
features are of greater importance than the type of the 
valve, 

Both types of gate valves are made in two patterns, 
one of which has the stem thread inside the valve body 
and is usually called a non-rising stem (N. R. S.) valve, 
while the other has the stem thread outside and is usually 
called an outside screw and yoke (O. S. & Y.) valve. 

Screwed end valves are made in sizes from %-in. to 
12-in. and are extensively used in sizes from %-in. to 
3-in. Flanged valves are usually specified in the larger 
sizes, but are seldom used in sizes below 2-in. 

Fig. 19 shows a typical brass gate valve of the wedge 
type and Fig. 20 is a double disc brass gate. Both types 
are used extensively in sizes up to 3-in. Figs. 21 and 
22 show exterior and interior views of a saddle gate 
valve which may be secured in the all iron construction 
or iron body brass mounted. Figs. 23 and 24 show ex- 
terior and interior views of an’ extra heavy iron body 
wedge type valve rated for 250-lb. working steam pres- 
sure and is typical of this class of valve. Valves of 
this type are also available for 25-lb. and 125-lb. work- 
ing steam pressures and for 800-Ib.hydraulic pressure. 
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Figs, 25 and 26 show exterior and interior views of a 
1600-Ib. test, iron body double disc gate valve rated for 
800-lb. cold water, oil, and gas working pressure. This 
type is also available in standard weight and in 700-Ib. 
and 1000-lb. test patterns. Figs. 27 and 28 show ex- 
terior and interior views of a series 600 cast steel wedge 
gate valve. Similar valves for 150, 300, 400, 900, and 
1350-lb. working steam pressures are also available. The 
cold oil, water and gas ratings for these different lines 
of steel valves are: series 150—300-lb., series 300— 
500-Ib., series 400—750-lb., series 600—1000-Ib., series 
900—1500-Ib., series 1,350—2250-Ib. 

Space does not permit a detailed discussion of all the 
different types of valves and their adaptability to the 
great variety of service conditions that may occur in 
practice, but in general only steel valves should be used 
for high temperature service. The upper limit of work- 
ing temperature for cast iron valves is usually held at 
450 deg. fahr. and for high grade bronze valves at 550 
deg. fahr. The physical properties of steel, with its 
great strength and high ductility, make it an excellent 
material for valve construction, and steel valves are being 
used to an increasing extent even for moderate tem- 
perature service, particularly where the fire hazard is 
great or dangerous liquids are being handled. 


Conclusion 


The large field which the writer has attempted to cover 
in this paper has made it necessary to keep the discus- 
sion more or less general, but it is hoped that the chart 
for computing the flow of viscous liquids may be found 
useful and that the importance of the proper selection 
of piping, valves and fittings has been sufficiently em- 
phasized. 

A very careful study of each individual installation 
is necessary in order to secure an efficient and econom- 
ical piping system and there can be no doubt that the 
benefits ‘to be gained in more satisfactory performance, 
lower operating costs, and longer life will well repay the 
expense and delay involved in painstaking consideration 
of all the various features of a piping layout. 


Refrigeration Touches Many 
Branches of Engineering 


It is common among engineers to assume that refriger- 
ation is a distinct branch of engineering. A little thought, 
however, will reveal the fact that refrigeration is but 
one branch of the broad field of thermal engineering. It 
is true, of course, that nearly every branch of engineer- 
ing has some contact with the growing science of refrig- 
eration. 

Among subjects lately discussed by refrigeration en- 
gineers are the use of a Diesel engine drive for com- 
pressors, new .types of valves, carbon dioxide ice, the 
testing of unit refrigerators, new developments in refrig- 
eration, cooling in factories for increasing production 
and the enormous amount of electric power used in this 
country in refrigeration. 

Electrical, metallurgical, chemical, mechanical as well 
as architectural engineers have all contributed to the 
growth of this new ‘branch of the science of thermo- 
dynamics, 








Cigar Factory or Waitt & Bonn, Inc., Newark, N. J., iy WuHicn Att DEPARTMENTS ARE AIR CONDITIONED 


Air Conditioning a Modern Cigar 
Factory 


By Leslie P. Hale 


IR conditioning is now recognized as perform- 

ing a definite economic service for industry. 

There are literally hundreds of industries 

which are affected seriously by adverse conditions of 

temperature, humidity, air cleanliness and air move- 

ment, and the application of this modern science of 

air conditioning to these industries gives the user the 

means by which he may remain master of the manu- 

facturing situation at all times, insofar as atmospheric 
conditions are concerned. 

Even more important is the ability of air condi- 
tioning to control the condition of the raw materials, 
enabling the manufacturer to perfect his production 
processes and to employ many remarkable mechan- 
ical aids. And with indoor weather thus controlled, 
deviations from the quality 


picture of what this science is doing for only one im- 
portant industry—the manufacture of cigars. But it 
must be realized that what air conditioning is doing for 
cigars it can do, and is doing for hundreds of other in- 
dustries. We have chosen tobacco as furnishing a splen- 
did example of what the air conditioning engineer can 
do for the manufacturer with a material so extremely 
sensitive to variations in temperature and humidity. 
There is a long story between the first few hand- 
made cigars rolled daily by the Balkan and Russian 
immigrants from whom most of our expert cigar 
makers were drawn, and the super-production of to- 
day’s marvelous machines which are capable of turn- 
ing out thousands of cigars every working day 
cigars so far superior in every respect to those so 
skilfully, albeit laboriously, 





standards of the product 
due to rising and falling 
temperature and humidity 
are eliminated. 

We here paint a sketchy 


other industries. 





The author says, “We here paint a sketchy 
picture of what air conditioning is doing for 
only one important industry—the manu- 
facture of cigars. But it must be realized 
that what air conditioning is doing for 
cigars it can do, and is doing, for hundreds of 
We have chosen tobacco 


as furnishing a splendid example of what the 
air conditioning engineer can do for the 
manufacturer with a material so extremely 
sensitive to variations in temperature and 
humidity.” 


rolled by those old master 
craftsmen, that any one is 
the same as any other of the 
same brand as to quality, 
blend, color and taste. 
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Even though our immigration laws had not re- 
stricted the entry of these foreign trained workers— 
even though there had not been any subsequent 
labor troubles in the growing tobacco industry—to- 
day's enormous consumption of cigars, which has 
increased so materially since the slump immediately 
following the war, would spell the economic death 
of the old-fashioned hand method. For in order to 
keep production abreast of this ever-increasing de- 
mand for cigars—good cigars—it was imperative that 
the machine supplant the hands and brains of the 
cigar makers, 


Large Production Due to Air Conditioning 


These machines, capable of turning out from eight 
to ten perfectly made cigars each minute, made pos- 
sible this vast production—a production of well over 
eight billion cigars in the United States during 1928. 
And most of this enormous quantity is manufactured 
without the sacrifice of a single element of quality. 

This is due, however, not alone to the cigar ma- 
chines themselves, marvelous though they may be, 
but in a very large part to the atmospheric condi- 
tions to be found in the various departments of the 
factories, and, subsequently, the condition of the 
filler, binder and wrapper to be used in the cigars. 
For the machine, although it almost may be said to 





Gas. 


oer) 


— 


‘ 
} 
t 
t 


—— Ca jon pene 
aie 


4 


 Heating-Piping 
and Air Conditioning 





287 


Sensitive to changes in temperature and humidity. 
For tobacco is a highly hygroscopic material and be- 
cause of this, in every phase of its culture and manu- 
facture, weather is the dominant factor, 

Thus is the manufacturer whose aim is quality 
and quantity production almost entirely at the 
mercy of weather, and here, then, is an engineering 
problem of the highest order; to provide weather, or 
indoor atmospheric conditions, exactly suited to each 
phase of the handling and manufacture of this sen- 
sitive material, in order to assure high-speed produc- 
tion of a uniform and standardized product. Rather 
may it be said that the air conditioning engineer im- 
proves the climate in which tobacco products are 
manufactured, for this is exactly what he does. 

Contrary to the popular and firmly-rooted belief 
that the climate peculiar to the tropics, particularly 
that of Porto Rico and Cuba, famous for good cigars, 
is the perfect climate for cigar manufacturing, this is 
not the case. There is no perfect climate, day in 
and day out, for manufacturing cigars or anything 
else. Even the tropical climate can, and must, be 
improved in order to speed up production sufficiently 
to meet the demands of today’s thousands of cigar 
smokers. 

It is quite true that tropical conditions are gen- 
erally conducive to fine cigar manufacture, on ac- 


- 


CENTRIFUGAL REFRIGERATION MACHINE Wuicu Meets ALL THE COOLING AND RE- 


FRIGERATION REQU IREMENTS., 


be possessed of human brains, is not able to decide 
as to the condition of the filler to be used, which of 
the leaves to utilize and which to discard; it must 
make into cigars rapidly, automatically, unthink- 
ingly, all filler which is fed into it, regardless of con- 
dition. Such is its economic place in industry. 


Tobacco Highly Hygroscopic 


And here again it must be remembered that these 
machines are dealing with a vegetable product which 
is readily susceptible to injury and deterioration in 
handling and manufacturing, which is extremely 


Note Its CoMPACTNESS 


count of the high relative humidity, and because 
there are no severe drops in temperature, the range 
being decidely more normal than that in New York 
City during the average summer. The difficulty with 
the tropical climate, however, is that it creates too 
high humidities at times, and here is where air con- 
ditioning is employed to reduce the humidity to that 
actually required, and, in so doing, regulates the 
exact humidity automatically, regardless of any sud- 
den changes outdoors. 

So it remained for air conditioning engineers to 
bring the desired atmospheric conditions into the 
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modern cigar factory, and air conditioning, accord- 

ingly, today solves the weather problems of the 

world’s largest cigar and cigarette manufacturers. 
To the early cigar maker, weather conditions 


meant little or nothing. He knew 
that some leaves were properly con- 
ditioned and that others were not, 
that some contained exactly the cor- 
rect amount of moisture to assure a 
palatable, even-burning, sweet- 
smelling cigar. Your early skilled 
cigar maker selected and rejected 
with the deftness of long experience, 
simply by feeling the leaves. 


Conditioning the Filler 


Since the cigar machine must use 
any and all filler, the problem, then, 
in the modern factory, is to condi- 
tion the filler thoroughly and uni- 
formly before it reaches the machine, 
and to hold it at this ideal condition 
throughout each successive opera- 
tion until it leaves the factory. The 
filler must be neither too wet nor 
too dry, but must contain exactly 
the correct amount of moisture to 
make springy cigars. For even the 
best tobacco, improperly condi- 
tioned, cannot make a good cigar. 
Tobacco to be made into cigars and 
cigarettes must be uniformly soft 
and pliable, and there is an ideal 
moisture content at which the leaf is 


pliable and retains the mellow flavor and color im- 


parted by the original curing. 


Let us consider, briefly, the atmospheric needs of 
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the modern factory turning out some five hundred to 


six hundred thousand cigars a day. 


First of all, con- 


ditioned air must be supplied to every department, 
every floor, at the temperature and humidity exactly 





A Recorp OF THE RELATIVE HUMIDITY 
MAINTAINED 


MENTS. 


Note 


IN Various DeEpart- 
UNIFORMITY MaAIN- 
TAINED 


ample of 
plant of 
cigars on 


suited to the work conducted in each 
department; each individual leaf 
must be brought to, and held at, the 
proper condition for each successive 
operation from blending of filler to 
shipment; mold spores must be pre- 
vented from forming on the cigar; 
superfluous moisture must be re- 
moved from all fresh made cigars, 
due to the soft binder, the wet wrap- 
per and the paste on the heads, and 
the humidity subsequently must be 
held at the correct point; the cigars 
must be seasoned, packed and stored 
under absolutely constant atmos- 
pheric conditions; the storage de- 
partment, in fact, is really a giant 
humidor in which, under the con- 
trolled atmospheric conditions, ci- 
gars may be kept almost indefinite- 
ly, as far as “condition” is 
cerned, without any change whatso- 
ever, 

It will thus be seen that the large 
production cigar manufacturer is 
primarily at the mercy of the weath- 
er, and thus largely dependent upon 


con- 


the skill of the air conditioning 
engineer. 


An interesting and excellent ex- 


an air conditioning system installed in the 
a cigar manufacturer making high grade 
a very large scale, is that in the thoroughl) 
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modern new plant of Waitt & Bond, Inc., at New- 
ark, N. J. In this factory, which has a capacity of over 
a half-million cigars a day, the air conditioning installa- 
tion is complete in every respect, consisting of equipment 
for air conditioning, including refrigeration, for dry- 
ing and for processing. 


Three Sources of Supply for Conditioned Air 


There are three main sources of supply from which 
the conditioned air is delivered to the various depart- 
ments ; a central station system, an ejector dryer and 
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plies, the finished, boxed cigars are stored for season 
ing prior to shipment. On the second floor is the 
stripping department, where the stems are carefully 
stripped from the delicate leaves. The entire third 
floor is devoted to manufacturing, the actual making 
of the cigars, and includes a fresh-work department 
which is one of the largest, if not the largest, of its 
kind in the world. The fourth floor contains the 
filler preparation and packing departments. 


In these several departments the relative humidity 





INTERIOR OF ONE OF THE BATTERY OF Ejector SYSTEM Dryers, OF METAL PANEL 
J , 


ConstTrucTION. IN THESE Rooms 


THE 


Striprpep Tosacco Fitter Is Driep IN 


36 Hours 





Unit Air CONDITIONER INSTALLED IN THE FINISHED Goops SEASONING OR STORAGI 


DEPARTMENT. 
DESIGNED TO OPERATE 


a unit air conditioner. A brief description of each of 
these three main sources will be given later. 
Departments on every floor of the factory are air 
conditioned. On the first floor there is the storage 
or seasoning department, in which, as the name im- 





INDEPENDENTLY 


Tuis Is A Complete, Se_F-CONTAINED AiR CONDITIONING SYSTEM, 


OF THE CENTRAL STATION SYSTEM 


varies from 62 per cent in the packing department 
to 70 per cent in the conditioning room. Tempera- 
tures are held automatically between 70 degrees and 
78 degrees at all times, regardless of outdoor condi- 
tions or the season of the year. A brief description 
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of the air conditioning equipment and the functions of systems to the various departments under contro! 
its various parts follows: The air issues from these ducts into the departments 
, through carefully designed diffuser outlets so locate: 
The Central Station System on the ducts as to produce a uniform circulation 0} 


One central station spray chamber or air condi- air throughout each room or department. 
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A CorNER OF THE P..CKING DEPARTMENT. CONTROLLED ATMOSPHERIC CONDITIONS 
ARE OF PARAMOUNT IMPORTANCE 


tioner, within which the air is washed and humidified Heaters are situated in the duct branches leading 
or dehumidified according to the seasonal or daily to individual departments, permitting individual 
weather demands, is located on the fourth floor and _ control of heating, when desired, in these depart- 





IN THE SortTING DEPARTMENT, AIR CONDITIONING PLAYS THE IMPORTANT PART OF 
BRINGING THE TospaAcco LEAVES TO THE CorRECT CONDITION BEFORE UNDERGOING THE 
OPERATIONS IN MAKING THE CIGAR 


is the center of control for the conditions in the ments. Automatic thermostats control the dew- 
preparation, manufacturing and packing departments. point or saturation temperature of the air at the 
Centrifugal fans draw the air through this air con- spray chamber. Individual automatic temperature 
ditioner and distribute it through the metal duct and humidity controls are located in each depart- 
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ment and react upon dampers or steam valves to 
maintain the particular condition of temperature 
and relative humidity required in each department. 

During the winter the system operates to cleanse 
the air of all dust and dirt drawn through from out- 
doors or from within the plant, to humidify the air, 
and to warm it. During the summer and, in fact, 
during all excessively humid seasons, the same sys- 
tem serves to reduce the humidity as well as to cool 
and cleanse the air before its distribution to the va- 
rious departments. 

For the purpose of cooling and dehumidifying, a 
single centrifugal refrigeration unit of 125 tons capa- 
city operates in conjunction with the air condition- 
ing system, supplying, under maximum conditions, 
approximately 500 gallons of water per minute, at 
approximately 52 deg. fahr., to the spray chamber. 
The refrigeration unit is located on the first floor in 
a room measuring 16 ft. by 32 ft., and occupies a floor 
space of but 100 square feet. Operation is by a 150 
H.P. electric motor. A centrifugal pump circulates 
the water between the evaporator or cooler of the 
refrigeration machine and the spray chamber. Most 
engineers are now familiar with this centrifugal re- 
frigeration unit, which utilizes a non-combustible 
liquid as a refrigerant, and operates throughout its 
entire cycle below atmospheric pressure. Under the 
conditions maintained in this particular installation 
the shell and tube evaporator or cooler is usually 
maintained at a vacuum of approximately twenty-five 
inches of mercury, while the shell and tube con- 
denser operates at a vacuum of about seven inches 
of mercury, under the usual load conditions. The 
compact arrangement of this unit may be observed 
from the accompanying illustration. 


The Unit Air Conditioner 


A unit air conditioner is in use in the finished 
goods seasoning or storage department. This unit 
is entirely self-contained and delivers air directly into 
the room without a duct system. At such seasons as 
cooling and dehumidification are required, this unit 
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receives a supply of cold water from the centrifugal 
refrigeration machine. 

The capacity of the central station system is 68,650 
cubic feet of conditioned air per minute, and that of 
the unit air conditioner is 2,500 cubic feet per minute. 


Ejector Dryers 


Aside from the general air conditioning equipment 
which is applied primarily for controlling the man- 
ufacturing operations and the conditions of ma- 
terial in the production departments, there is a bat- 
tery of ejector system dryers within which condi- 
tioned air is circulated over trucks of cured tobacco 
to bring it initially to the desired moisture content 
at which it will be maintained and used throughout 
all succeeding operations. These rooms, with their 
automatic control and effective air circulation, have 
the advantage of establishing uniform drying and 
conditioning schedules at all seasons. The material 
treated in these roms is entirely uniform and the old 
factors of waste through over drying and crumbling 
or breakage are entirely eliminated. Decided savings 
in floor space and in labor of handling also have 
resulted in such factories through the application of 
conditioned air for the various drying and processing 
processes, 

The installation of air conditioning equipment in 
the plant of Waitt & Bond is typical of the equip- 
ment installed in many of tlie finest tobacco factories 
throughout the United States; typical, also, of the 
equipment installed for dozens of other industries in 
which weather control is a vital factor. 

And here let us point out again that we have 
chosen tobacco on account of its very nature and be- 
cause of the almost complete dependence of machine 
production on dependable, uniform and controllable 
weather conditions. Thus has air conditioning be- 
come a highly valuable and often indispensable asset 
to the progressive manufacturer, freeing him from 
daily weather uncertainties, improving the quality 
of his product, contributing to the health, efficiency 
and happiness of his workers. 


Present Development of the Heating Industry in France 


By A. Beaurrienne, Paris, France 


EVELOPMENT of the heating industry in 
France has been greatly influenced by the eco- 
nomic conditions resulting from the War. 

In large French towns, apartments consist chiefly of 
structures four to eight stories in height. Before the 
War, all new structures were provided with a central 
steam or hot water system, and progressively all old 
ones, in which the apartment rent exceeded two or 
three thousands francs a year, were provided with 
similar installations. The heating charge was appor- 
tioned among the tenants and was either included in 
the rent or put in as a separate charge. After the War, 
the cost of anthracite coal increased from the 1914 price 
of 45 or 50 francs a ton to 500 and 600 francs. Then 
special legislation was enacted which prevented land- 


lords from increasing the rents to be paid by the ten- 
ants. This caused many difficulties. 

In the apartments built before 1914, the law does not 
allow any increase of the rent above 100 per cent. So 
the income of landlords is out of balance with the 
maintenance expenses which are six times what they 
were formerly. Consequently, landlords refuse to im- 
prove old buildings. The result is that the tenants 
have been compelled to provide their own heat which 
often is done by means of a small boiler in the kitchen 
and 3 to 10 radiators in the rooms. These small boilers 
are certainly not economical, especially since coal can 
be bought only in small quantities on account of lack of 
storage space. In this way progress was retarded. 

In new apartments, architects tried to avoid these 
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disadvantages by means of a plan in which each tenant 
has control over his individual heating expense. In this 
plan, a steam boiler is installed in the basement; steam 
is distributed by a vertical main to every apartment, 
then to radiators with horizontal piping; condensation 
is collected and measured by a meter, and is then re- 
turned to the boiler. 

In other apartment buildings, there is a boiler for 
ach apartment, condensation being measured by a 
meter. Hot water is distributed to radiators with the 
help of a pump or of compressed air. 

This system is still a problem for the landlords. In 
one attempt at solution of the problem, a company has 
been created which takes the whole responsibility of 
heating. It buys fuel, employs the necessary labor and 
sells steam to tenants. Naturally, this company, when 
it is possible, uses one boiler room for several buildings. 
This plan however, often is hindered by the suspicion, 
the backwardness, and the demands of a few landlords. 
One way now being adopted to overcome these dis- 
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advantages is by means of a franchise for central sta- 
tion heating. Such a franchise was obtained about two 
years ago by the Compagnie Francaise de Chauffage 
Urbain. This concern has given over this franchise to 
the Compagnie Parisienne de Chauffage Urbain. 

The latter company at first considered the installation 
of stations, about six miles from each other, and be- 
tween the two a steam main 40 inches in diameter; but 
considering the great investment that would be necessary 
and the impossibility of receiving adequate returns for 
a long time, an agreement has been made between this 
company and the company that sells steam to tenants. 
The second company has increased its capital, the Com- 
pagnie Parisienne de Chauffage Urbain subscribing for a 
number of shares of this concern, the name of which is 
Compagnie Parisienne de Distribution de Chaleur. 

The latter company is to erect local central stations 
with high pressure boilers. In these stations, heating 
steam will be expanded in turbines and electric current 
will be sold to an electric distributing company. 


Use Both Mechanical and Natural 
Ventilation in Koppers Building 
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N THE Koppers building, illustrated here, both 
mechanical and natural ventilation are used. The 
three basements below street level are all mechani- 

cally ventilated and heated by fresh air. Four exhaust 
fans which are direct-connected motor driven units, 
have a total capacity for the three basements of 69,250 
c.f.m., and three fresh air fans for this area have a 
total capacity of 61,475 c.f.m. Fresh air and exhaust fans 
also serve the first, second and third floors, which will 
be occupied for the most part, by shops. The exhaust 
capacity for these floors is 17,700 c.f.m. and one fresh 
air fan supplies 26,950 c.f.m. 

Mechanical ventilation is also provided in those areas 
where large numbers of employes are located, such as 
drafting room, the blueprint room, and the gymnasium, 
which is located on the thirty-second floor. Fresh air is 
supplied to these rooms by means of unit heaters and 
exhaust is by motor driven fans. 

Ten exhaust fans for the building are located on the 
thirty-third floor and one exhaust fan operates in the 
service entrance on the first floor where trucks unload. 
In addition to the capacity noted for the basements and 
lower floors, the total capacity of the remaining exhaust 
fans for toilets, elevator machinery rooms, vaults and 
rentable area, amount to 110,250 c.f.m. Natural ventila- 
tion is used in rentable area which has been subdivided 
into comparatively small offices, where all of the windows 
have outside exposure. 

No cooling equipment has been put in. Fresh air is 
drained into the building at the second floor level and is 
filtered by automatic oil filters and heated by steam coils 
at the fans in the third basement below street level. 

The heating system installed is two-pipe vacuum, steam 
being purchased from a central heating plant. Upfeed 
risers are located on the exterior columns of the build- 
ing, with room temperatures automatically controlled 
by thermostatic valves. This type of control also oper- 
ates the steam supply to unit heaters. 







KorreRs_ BUvumLpine, 
PittspurGH, WuicuH Is 
VENTILATED MECHANI- 
CALLY AND NATURALLY 








The Design of Flanged Pipe Joints 


By Sabin Crocker: 


N undertaking an exposition of the principles of 

design for flanged pipe joints, it is necessary to 

describe briefly some of the more common types 
of flanged joints. While this involves restating fea- 
tures which are already well known to many readers, 
such descriptions are required here as a basis for 
explaining the items of design which are the main 
purpose of this article. Among these items are meth- 
ods for computing bolt stress due to internal pres- 
sure; bolt loading required to maintain a fluid tight 
joint; total tensile stress in bolts at root of threads; 
wrench torque required to produce a given tensile 
stress in a bolt; stresses induced in flange material 
through bolt loading and internal pressure. 

Although little has been published regarding most 
of the above items, they actually are not difficult to 
co-ordinate and treat in a rational manner in flange 
design, and it is hoped that an explanation of how to 
go about it will be of assistance to many piping de- 
signers. The recent trend toward high temperatures 
and high pressures is responsible for the introduction 
of numerous special joints for severe service condi- 
tions. The variety of such joints renders it imprac- 
ticable to work out the 
gasket compression, bolt 
loading, etc., required for 
all types, but these fea- 
tures have been computed 
for two radically different 
types which probably rep- 
resent conditions of maxi- 
mum and minimum bolt 
loading in power piping. 
Values for other types 
encountered can be deter- 
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mined readily by the ! 
methods explained in con- l 
nection with the two l 
types considered;  i.e., ; 


raised face with gasket, 


and small tongue and ; 
groove. Fic. 1—PLAIN 
TYPES OF FLANGED 

JOINTS 


Several types of flanged 
joints used in power pip- 
ing are shown in Figs. 1 
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to 8. Following is a brief explanation of the distinc- 
tive features of these types and their application to 
various classes of service: 


The Plain Face Gasket Joint 


Fig. 1 is the plain face gasket joint commonly used 
for low pressure water lines, compressed air, exhaust, 
building heating and the like where pressures do not 
exceed 125 lb. Flanges and fittings aré ‘cast iron. 
Rough machine bolts of commercial grade mild steel 
or wrought iron having square heads and hex nuts 
are used. Gaskets are usually red rubber or composi- 
tion extending out to the bolts, although full face 
gaskets are sometimes used. With cast iron flanges 
it is not desirable to have the bolts located much 
beyond the contact surface if cracking flanges through 
excessive bending stress is to be avoided. For this 
reason a plain face is used in the 125-lb. American 
Flange Standard, and in the 250-lb. American Cast 
Iron Flange Standard the raised face extends practi- 
cally out to the bolt holes. Companion flanges gen- 
erally are attached to the pipé by threading as shown 
at (A), although Van Stoning is used as shown in 
(B), especially in the 
larger An _ out- 
standing advantage of 
Van Stone and_ similar 
loose flange joints is that 
the flanges can swivel on 
the pipe during erection, 
thus removing any diffi- 
culty about lining up bolt 
holes in adjacent flanges. 


Raised Face Gasket Joint 
for 250-Lb. 


Fig. 2 is the 1/16 inch 
raised face joint of the 
American Standard for 
250 Ib. in cast iron. In 
this case a high hub Van 
Stone flange is shown 
placed against a fitting. 
Screwed companion 
flanges are also used, par- 
ticularly in the sizes 3-in. 
and smaller which are 
dificult to Van Stone. 


sizes. 


FITTING FLANGE 


PRESSURES. 
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LZTITTING FLANGE 


Raisep Face Gasket Joint ror 250 Lp. in Cast Lron. 
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The raised face comes practically out to the inner 
edge of the bolt holes for the reason explained in the 
preceding paragraph. Semi-finished mild steel ma- 
chine bolts with square heads and hex nuts are cus- 
tomary. 
Raised Face Joint for 600-Lb. and Under 

Fig. 3 shows a square-corner, full-thickness lap 
Van Stone flange placed against a raised face fitting 
flange of the American Steel Flange Standard. This 
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constitutes the standard raised face joint with gasket 
as commonly used for pressures below 600 Ib. Alloy 
steel stud bolts with two hex nuts finished on the 
under side and with the upper corners chamfered are 
recommended. Metal or combination metal and as- 
bestos gaskets are sometimes used, although long fibre as- 
bestos gaskets are common practice. The lapped end 
of the pipe is upset in roiling so that the lap is the 
full thickness of the pipe wall after machining. The 
square corner is deemed advantageous in that it pro- 
vides a smooth passage through the pipe bore and 
obviates pockets where condensation can collect. 
Tests have shown it to offer much greater resistance 
to pulling the pipe out of the flange than is offered by 
the round corner joint. With raised face joints it is 
desirable to machine the contact surfaces so as to 
obtain a serrated effect consisting of either spiral or 
concentric grooves which aid in gripping the gasket. 
Very satisfactory results are obtained with grooves 
about 1/64 inch deep and 32 to the inch. A serrated 
effect of this kind is sometimes termed “phonograph 
finish.” 
The Round Corner Van Stone Joint 

Fig. 4 is the round corner Van Stone joint which 
is still used to some extent, but has been superseded 
largely by the square corner lap. The advocates of 
round corner style of Van Stoning claim that the 
metal in the lapped end is left in better condition 
than if it were upset to obtain the square corner. 
Equally satisfactory metallurgical results can be ob- 
tained in the square lap, however, if the metal tem- 
peratures are properly controlled during Van 
Stoning. 


Male and Female Recessed Gasket Joint 
Figs. 5A and B illustrate the male and female type 
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of recessed gasket joint described in the American 
Steel Flange Standard. An advantage claimed for 
this and other types of recessed joints is that the 
overhanging shoulder tends to prevent blowing out 
of the gasket. Little trouble, however, is experienced 
on this score with the raised face joint shown in 
Fig. 3. A decided disadvantage in the case of fit- 
tings, or of the joint shown in Fig. 5A, is that the 
piping has to be moved axially in order to engage or 
disengage the joint. This is awkward in getting the 
last piece into a line, or in removing a piece after the 
line is once assembled. The loose flanges shown in 
Fig. 5B get around this difficulty. 


Tongue and Groove Joint 


Fig. 6A shows a pair of screwed companion flanges 
with the large tongue and groove described in the 
American Steel Flange Standard, while Fig. 6B 
shows a pair of Van Stone flanges with the small 
tongue and groove. This joint, as well as the male 
and female joint previously described, is applicable 
to fittings as well as to companion flanges. The 
groove or recess tends to retain the gasket and con- 
strain its tendency to spread out under the high gas- 
ket compressions used with this joint. Gaskets are 
metal, usually copper, monel, wrought iron, or forged 
steel, sometimes copper-plated. Due to the narrow con- 
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tact surface, it is possible to attain relatively high gasket 
compression without overstressing the bolts and flange 
material. 
Loose Ring Joint 
Fig. 7 is one type of loose ring joint of which there 
are a number in use, This joint somewhat resembles 


the tongue and groove described above, and generally 
= e > A se Bowe 
has a forged steel ring which wedges tightly into te 
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grooves under bolt load. Loose ring joints are used 
extensively in oil refinery work and to some extent 
for high temperature, high pressure steam piping. 
Loose rings of rubber are used in some hydraulic 
lines, and can be kept tight, it is claimed, with very 
low compression of the rubber ring. 
Sargol and Sarlun Joints 

Fig. 8A is the Sargol joint which depends on a 
welded seal for fluid tightness, but carries all internal 
pressure and mechanical loads with the usual struc- 
ture of flanges and bolts. This joint has been ex- 
tensively used in high temperature steam plants 
operating at pressures from 600 to 1400 lb. The gen- 
eral dimensions are the same as the raised face joint 
of the American Steel Flange Standard. 

Fig. 8B shows an improved type of Sargol joint known 
as the Sarlun. 


FLUID TIGHTNESS OF PIPE JOINTS 


Relation of Bolting to Internal Pressure: ‘The 
primary purpose of a pipe joint is to connect pipe 
ends so as to obtain fluid tightness and requisite 
mechanical strength. Obviously the bolting must be 
more than adequate to prevent separation of the 
flanges by internal fluid pressure, usually considered 
as acting against an area circumscribed by the outer 
periphery of the gasket or other contact surface. To 
accomplish this end, the bolts must be given an ini- 
tial tension exceeding the internal force tending to 
separate the flanges. The relation between total bolt 
tension and stress due to internal pressure only, is 
empirical and based largely on practical experience 
with different types of joints. 

The American Steel Flange Standard states that, 
“The allowable working fibre stress considering in- 
ternal allowable working pressure only, in bolting 
material for valve bonnet flanges, cleanout flanges, 
etc., shall not exceed 9,000 Ib. per square inch, assum- 
ing the pressure to act upon an area circumscribed 
by the periphery of the outside of the contact sur- 
face.” The bolting material referred to in this case is 
alloy steel having a tensile strength of from 95,000 to 
125,000 Ib. per square inch. No work- 
ing stress for line flange bolts was 
stated by the A. S. A. Sectional Com- 
mittee on Pipe Flanges and Fittings 


Fic. 7—Loose Rinc Jornt. 


since its dimensional standards cover 
this feature. An analysis of these di- 
mensional standards (See Tables I 
and II) indicates a tension in line 
flange bolts due to internal pressure 
only of from 1,100 to 7,000 Ib. per square inch at the 
rated W.S. P. These are, of course, nominal values 
which did not take into account the additional bolt 
tension required to compress the gasket enough to 
hold it in place and maintain a fluid tight joint as 
explained in the next paragraph. 

Bolt tension required to compress the gasket: The 
gasket compression required to maintain a fluid tight 
joint varies with the type of gasket, its width, and 
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the means taken for holding it in place; viz., serra- 
tions on the contact surfaces, wedging in of the gas- 
ket by pinching it more tightly at its outer periphery, 
recessed construction, etc. For purposes of analysis, 
two radically different types have been selected as 
probably representing conditions of maximum and 
minimum bolt loading. It is believed that several 
common types can be assumed to approximate one 
or the other of the two types treated, or else con- 
sidered as lying in the middle ground between. In 
any event, the methods of solution here used can be 
applied readily to other types of joints provided a 
basic assumption is made regarding the intensity of 
gasket compression required. Reliable data are scarce 
regarding the optimum gasket compression for any 
type joint or service conditions. While the gasket 
compressions stated in subsequent paragraphs may 
be higher than actually required, they represent con- 
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servative practice and probably come within 25 per 
cent plus or minus of meeting conditions existing in 
any properly made up joint. 

Raised face with gasket: The raised face flange 
with non-metallic gasket is the most common flanged 
joint used at the present time. For low pressure work 
the contact surface is usually given a smooth tool 
finish, while a serrated finish of some sort is used for 
higher pressures. The width of contact surface for 
each nominal pipe size and pressure rating is estab- 
lished in the dimensional standards of the A. 5S, A. 
In attempting to analyze bolt loadings and the bend- 
ing stresses which they set up in flanges, some as- 
sumption is necessary regarding the intensity of gas- 
ket compression required to maintain a fluid tight 
joint. A rather general opinion exists among those 
who have worked with the design of the raised face 
joint, with a gasket compression” of at least 6 to 8 





, 


* “Gasket compression” as used here refers to intensity of compressive 


stress per unit area, nieasured in Ib. per sq. in. 
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W. S. P. assumed as identical to initial bolt tension set up with wrench; 
Flange Standard, for bolt areas, number of threads, etc., 


times the rated working steam pressure is desirable 
in the steel flange standards when operating at tem- 
This applies to condi- 


peratures up to 750 deg. fahr. 


tions existing with pressure on the line, and a corre- 


spondingly higher gasket 
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for standard dimensions of parts, 
see Table 5, for further explanation, see text and sample problem. 
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American Steel 


up at the initial tightening of the bolts to compen- 
sate for the portion of the gasket compression which 
is relieved through the tendency for the bolts to 
stretch a bit when internal pressure is applied. 
values given in Table I were computed for the Amer- 
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10 6 »215) 7 519) 8 (830, 10, 720) 10, 1680)3,210)3, 80/4, rr ,520/5,500) 9 (425)11 7399)13, 390| 16,240} 16, 180 860) 1,375/2,060)3, 110)6, 180) 61) 85)114 156} 230 
12 '5,60017, 030) 8, 500) 10,200) 9,600/3 ,420)4 ee 5,140) 6,200): 5,820) 4 ,020) a, poe iy ,640)16, x i2, 100)3 ,140)5, 900 68) 96)116)157) 219 
14 4 889 /6,155) 7, »400) 9, 7130) 3,230 4,050/4, 900) 6,040)... | | $,119/10,205)12 ,300/15, 170)... | 980)1, ‘574 2, 360/3 530, ae 87/118 16] 
16 5,082) 6, 547| | 8 1060) 10,120)..... . |3, po ,225/5,190)6, 530) | 8,352/10, 772)13,250 16,650) alee 1,290/2,060)3, 080) 4 ,640).....| 71/103) 141/202 
18 4 849 16,248) 7 ,720| 8,440)..... . |3,565/4, 600) 5,675 6,200 “a 8,414) 10,848 13,395| 14,640) ae /1,298}2,080 3, 730/5 5,600)... .| 72/104|162|208 
20 6, ,052|6,429| 8,040} 9, 160 4,260|4,520'5,650|6,440).... .|10, 312} 10,949} 13,690|15,600|.... . . |1,590]2,550 3,81016,8501 ah 88)116| 166)245 
24 ~—s-'|4,800) 5,660) 7,000 7,070) 4,010/4,550)5,840|5,670).... .| 8,810| 10,210|12,840}12,740).... . .|2,050/3,340 4,91019,050 ...| 95/133]182|252 
Note*: Bolt tension refers to is wadieat section at root of threads, internal pressure considered as acting against area of circl« 


whose Sabaiter is equal to the outside diameter of small tongue, efficiency of contact surfaces assumed as 0.12; total bolt stress duc 


to gasket compression plus W. 
American Steel Flange 


parts, see 


and sample problem, 


for bolt areas, 


S. P. assumed as identical to initial bolt tension set up with wrench; 
Standard; 


number of threads, etc., 


see T 


able 


for standard dimensions 0! 
5, for further explanation, see tex! 
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ican Steel Flange Standards for rated W.S.P. condi- 
tions and an assumed gasket compression of 8 times 
the W.S.P. This table is of particular interest in 
showing what high bolt tensions are required to 
meet the assumed conditions in the raised face joints. 

Small tongue and groove: The small tongue and 
groove joint with metallic gasket probably requires 
as low bolt loadings as any type of gasket joint used 
for power piping. The loose ring type is in many 
ways similar to the small tongue and groove and 
probably requires about the same bolt loading. The 
gasket compression usually assumed for the small 
tongue and groove with pressure on the line is from 
12 to 16 times the W.S.P. rating. The values given in 
Table II were computed for the American Steel 
Flange Standards for rated W.S.P. conditions and an 
assumed gasket compression of 16 times the W.S.P. 
Comparison with Table I indicates that much lower 
bolt loadings are required for the small tongue and 
groove joint than for the raised face. This is advan- 
tageous not only in lowering the tension required in 
bolt material, but it also results in correspondingly 
lower bending stresses in the flanges. 


BOLT STRESSES 


Initial bolt tension produced by tightening nuts: 
The tension set up in bolt material by tightening the 
nuts depends on (a) the pitch of the thread; (b) the 
torque applied with the wrench; (c) the efficiency of 
the nut and bolt thread in transferring wrench torque to 
direct tension in bolt material. These items are 
treated in detail below. 

(a) In high pressure flange joints it is customary 





TaBLE 3—CoMPaARISON oF U. S. Stp. THREADS WITH MINIMUM 


oF 8 THreaps Per IncH 























NuMBER oF THREADS Area aT Root or THREADS 
PER INCH Square INcHES Ratio or 
DIAMETER EFFEcrING 
or Bout 5 AREAS AT 
INCHES U. 8. ee U.S. a ok Root or 
Srp. Sen Srp. Sen. THREADS 
Mg 13 13 0.126 0.126 1 
% | HW | dH 0.202 0.202 1 
34 10 10 0.302 0.302 l 
% 9 9 0.420 0.420 1 
l 8 8 0.550 0.550 l 
1\% 7 8 0.693 0.729 0.95 
14 7 s 0.890 0.930 0.96 
1% 6 8 1.054 1.155 0.91 
]! 6 | 8 1.294 1.405 0.92 
15 5M 8 1.515 1.681 0.90 
134 5 s 1.744 1.980 0.88 
1% 5 8 2.049 2.310 0.89 
2 44 8 2.300 2.655 0.87 
2% 416 8 3.021 3.430 0.88 
26 | 4 8 3.716 4.290 0.87 











NOTE’: See Table 5 for data used in computing these areas. 





to use stud bolts with two hex nuts, made to U. S. 
standard dimensions and having the U. S. standard 
form of thread modified so that no bolt size has less 
than 8 threads per inch. The U. S. standard actually 
calls for fewer than eight threads per inch in sizes 
larger than one inch, as shown in Table III, but it 
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has been found desirable in high pressure flanges to 
use 8 threads per inch in the larger sizes to secure a 
higher mechanical advantage in tightening the nuts. 
The eight thread per inch bolts also afford considera- 
ble gain in bolt strength as is shown by the column 
of effective area at root of threads and the column 





















































U 
x | Y | 7x L 
Bout ‘ Z , ; 
Diameter | THICKNESS : 2 Errective 
D1A METER Nore 2 . 
or Box or Box Nore 3 LENGTH 
“4 1% | 5, yA | % | 7 
54 134 31g, 1b ly 9 
34 2% % 1\% %% | 11 
7 . 2 46 l~ l 4% , ve | 12 
l 2 8 M4 18 8 q ve 14 
ll 2% 134 1% Ly 16 
14 314 aes 1% | Ms 18 
134 34 | 1 | 1% “4 20 
1 334 I~ | 2 | 4 22 
1% 4 1% 2% l¢ | 23 
1% 4% | 1% |” 2% | ly 25 
2 44 | 1% | 2% | % 28 
214 5\% 1% 234 4 32 
x | 5% | 16 | we | x | 36 
Note*. All dimensions in inches. 
Note*. Dimension “Z’’= of bolt hole to foot of hub. Hub taper 


may vary but must allow full grip and free swing of wrench. 
Note*. Minimum clearance between wrench and flange hub. 


Fic. 9—Usuat Dimensions or Box Wrencues ror U. S. 

STANDARD Nuts. (Norte: Nuts or U. S. Stop. Dimensions But 

Havinc Nor Less THan 8 Tureaps Per INcnw Are Recom- 
MENDED FOR Use With AMERICAN STEEL FLANGE S?Tp.) 


giving the ratios of these areas for different size 
bolts. 

(b) The average mechanic can exert a maximum 
pull on the end of a wrench of at least 165 Ib. The 
actual pull in any case will be graduated to what he 
deems proper for the size bolt being tightened and 
probably will vary from about 50 lb. for a % inch 
bolt, to the maximum of 165 lb. for a 1 inch bolt. 
The length of wrench used increases with the diam- 
eter of bolt, usually running from about a 7 inch 
wrench (effective length) for a % inch bolt to pos- 


sibly a 3 ft. wrench for a 2% inch bolt as shown in 
ed 4 


Fig. 9. 


Referring to Table II for the tongue and 
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groove joint, it is evident that the necessary torque 
can be developed for practically all pipe sizes and 
pressure ratings by a mechanic using a usual length 
wrench, This is not the case for the larger sizes of 
pressure ratings above 250 lb. with the raised face 
joint, as is shown by Table I. In such cases it is cus- 
tomary to increase the length of wrench by slipping 
a piece of pipe over the handle, and if necessary have 





Taste 4—Metuop or ComputinGc WreNcH Errort FROM Bott 
TENSION' 























AREA AT Torque In UsvuaL Force Re- 
Dussss | Seam oF Roor or Inca Ls. LeneTu QUIRED AT 
or Bue Tannese THREAD at CENTER WRENCH ENp oF 
incume van Ince Sq. IncHEs or Bout INCHES Wrencs Ls. 
d N a T L F 
4 13 0.126 0.0128 7 0.00183t 
\% 11 0.202 0.0244t 9 0.00271t 
a4 10 0.302 0.0400t 11 0.00364t 
% 9 0.420 0.0618¢ | 12 0.00515t 
l 8 0.550 | 0.0911t 14 0.00650t 
1% s 0.729 0.1208t 16 0.00755t 
1\% s 0.930 | 0.1541t 18 0.00857t 
134 8 1.155 | 0.1914¢ 20 0.00957t 
1% 8 1.405 | o.2328t | 22 0.0106t 
16 6] «68 ) «| «(1.681 | «(O.2785t | 28 0.0121¢ 
134 8 | 1.980 | 0.3281 | 25 0.0131t 
1% \ | 2.310 | 0.3827t | 27 0.0142t 
2 8 2.655 | 0.4399t | 28 0.0157t 
2% 8 | 3.430 | 0.5683 | 32 0.0178t 
2% s | 4.295 0.7116t 36 0.0198t 
NOTE!: Based on relation (see text): 
2xeNT 2xeNFI1 
t= —_—_———_——- =—-—sw 
a a 
from which 
ta ta 
Se ee 
2x012N 0.754N 
and 
ta ta 
De SORE cnpenrininitiienine iat adenicibmatninitniey 


22x0.12N1 0.754N1 





two or more men exert all the force they can at the 
end of the pipe. Another means of obtaining the re- 
quired bolt tension is sledging the end of the wrench. 
Lubricating the threads is a considerable help in ob- 
taining high bolt tension under these circumstances. 
Such measures should be used with considerable dis- 
cretion, especially with bolt sizes smaller than one 
inch, or damage to the bolt or flange will ensue. 

(c) The conversion of wrench torque into tension 
in the bolt material is aided through the mechanical 
advantage furnished by the inclined plane of the 
screw thread, but resisted in turn by friction in the 
threads and in the bearing surface between the under 
side of the nut and the flange. For well cut threads 
and machined bearing surfaces for the nut (1.e., the 
under side of the nut and the back of the flange ma- 
chined or spot-faced) various authorities assign an 
efficiency of 11 to 12 per cent. If the threads and 
bearing surfaces are well lubricated, the efficiency can 
be increased to about 18 per cent. These values refer 
only to the efficiency of the contact surfaces as de- 
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termined from the coefficient of friction, and do not 
involve the pitch of threads, which is taken into 
account as explained below.* 

Formula relating wrench torque and bolt tension: 
The tension theoretically produced by wrench torque 
can be computed as follows, referring to Fig. 10. 
where F is the effort in lb. applied by a mechanic at 
the end of the wrench; T the torque in in-lb. produced by 
the wrench; L the length of wrench in inches; P the 
effort in Ib. due to wrench torque at the mean thread 
circumference of the bolt*; W the resulting force in 
lb. which produces tensile stress in the bolt; d the 
mean thread diameter of bolt in inches; « the pitch 
angle of the thread; N number of threads per inch; e 
the efficiency as described in (c) above, but expressed 
as a decimal; a the cross-sectional area of the bolt at 
the root of thread in square inches; t the tensile 
stress in bolt material at root of threads, in lb. per 
square inch. 











FL 2FL 2T 
T=FL P=-— = = — 
d/2 d d 
eP 2eFL 2eT 
OT eee cnccioaintans con 
tan @ dtan 2 dtan 
pitch of thread l 





where tan « = a 


developed length of 1 thread mdN 





W eP e 2FL 2ZeFL 2nxeNFL 
t—— —_———_—___————_-_ X == — 
a atana atane d ad tan @ a 
2xeNT 
or t= 
a 


Example: It will be helpful to give an example of 
the use of the above formula at this time in connec- 
tion with an explanation of how the values of Tables 
I and II are computed. The 1% inch bolt of the 3% 
inch pipe size of the 1350 Ib. Standard having a raised 
face with gasket has been chosen for the example 
because it happens to involve the highest stress con- 
dition. Reference should be made to Table I in con- 
nection with the various items taken up. 

Bolt Tension, Lb. per Sq. In. Corresponding to a 
Gasket Compression of 8 Times the W.S.P.: The 
gasket area in question is bounded by the outer cir- 
cumference of the raised face and by the standard 
port opening of the fitting, as given in the American 
Steel Flange Standard. The diameter of raised face is 
5% inches and the corresponding area is 23.76 sq. in. 
The port opening is 3% inches and the corresponding 
area 7.67 sq. in. The gasket area is 23.76 7.6/7 
= 16.09. A gasket compression of 8 times the W.S.?. 
requires a force of 8X 16.09 1350 = 173,772 Ib. The 
joint has eight 1% inch bolts which, according to 
Table V, have a combined area at root of threads of 


* For a discussion of the design of screw fastenings reference may 
made to “Elements of Machine Design,’’ by Kimball and Barr, 2nd Ed 
tion, Chapter XI. For the efficiency of bolt threads see also discussion 
Oberhuber and Abele, page 767 of A. S. M. E.. Transactions for 1925 

*The mean thread circumference is that corresponding to the meat 
thread diameter d and lies half way between the outer circumference of t! 
bolt and the circumference bounding the area at root of threads. 5 
both P and d drop out of the final formula, it is not necessary to comprt« 
their numerical values. 
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TasLE 5—Bortinc ror A. S. A. STEEL Pire FLANGES 
NoMINAL No. — MINoR Area or Sxo- Numer or Bouts tn Fianex Torat Arga or Section at Root or Tareaps, 
Bout THREADS Masor DIAMETER TION aT Root Square Incues 
DIAMETER PER DIAMETER iecietes (at Roor or or THREAD eae oe i — — 
INcHES IncH THREAD) Square IncuEs 4 | 8 oy 12 £ 16 | 20 | 24 
% 13 0.5000 0.04996 0.40008 0.126 0.504 ar | 
4 11 0.6250 0.05805 0.50690 0.202 0.808 1.616 | | 
34 10 0.7500 0.06495 0.62010 0.302 1.208 2.416 3.624 | 
% 9 0.8750 0.07217 0.73066 0.420 1.680 3.360 5.040 | 
1 8 1.0000 0.08119 0.83762 0.551 2.204 | 4.408 | 6.612 | 8.816 
1% 8 1.1250 0.08119 0.96262 0.729 5.832 | 8.748 | 11.66 | 14.58 
1% 8 1.2500 0.08119 0.08762 0.930 7.440 | 11.16 | 14.88 | 18.60 22.32 
1% 8 1.3750 0.08119 1.21262 1.155 9.240 13.86 | 18.48 23.10 | 27.72 
1% 8 1.5000 0.08119 1.33762 1.405 11.24 16.86 | 22.48 | 28.10 | 33.72 
15% 8 1.6250 0.08119 1.46262 1.681 | | 20.17 26.89 33.62 40.34 
1% 8 1.7500 0.08119 1.58762 1.980 | | 23.76 | 31.68 | 39.60 | 47.52 
1% s 1.8750 0.08119 1.71262 2.310 ae 27.72 36.96 46.20 | 55.44 
2 8 2.0000 0.08119 1.83762 2.655 | eal | 53.10 | 63.72 
2% 8 2.2500 0.08119 2.08762 3.430 ss al 68.60 | 82.32 
2% 8 2.5000 0.08119 2.33762 ip SR is alias | oa ..| 85.80 | 102.9 
5.832 sq. in. The corresponding bolt tension is at the end of the wrench is 4300 16= 269lb. Or 


173, 772 — 5.832 = 29,850 Ib. per sq. in. 

Bolt Tension, Lb. per Sq. In., Due to the W.S.P.: 
The area against which internal pressure acts is 
assumed as that bounded by the outer periphery of 
the raised face, or 23.71 sq. in. The corresponding 
force is 1350 23.71 = 32,076 lb. The corresponding 
bolt tension is 32,076 ~ 5.832 = 5,790 Ib. per sq. in. 

Total Bolt Tension, Lb. per Sq. In., Due to Gasket 
Compression Plus the W.S.P.: This is the total of 
the two items above or 29,850+5,790 = 35,640 Ib. 
per sq. in. Total bolt stress due to gasket compres- 
sion plus W.S.P. has been assumed as identical to 
the initial bolt tension set up with the wrench. This 
assumption is explained as follows: If a gasket com- 
pression of 8 times the internal pressure is to obtain 
with pressure on the line, the initial bolt tension be- 
fore pressure is applied must exceed that correspond- 
ing to 8 times the internal pressure, since the effect 
of applying pressure is to slightly separate the 
flanges, thus relieving part of the initial gasket com- 
pression. The amount of load relieved from the gas- 
ket corresponds to that exerted by the internal pres- 
sure, hence the initial bolt tension for the assumed 
conditions must be that due to a gasket compression 
of 8 times the W.S.P. plus that due to internal 
pressure. 

Wrench Torque Required to Produce Total Bolt 
Tension: The total bolt tension in this case is 35,640 
lb. per sq. in. The corresponding torque is determined 

2xeNT 


from the formula t ——— 





by solving for T 
a 
follows (obtaining values of a and N from Table IV 
and using an efficiency e of 0.12 for dry surfaces) : 
ta 35,640 x 0.729 


T= = 4,300 inch Ib. 





2xeN 2x012«8 


The same result can be obtained by the short cut 
aaa given in connection with Table IV as fol- 
OWS: 

T = 0.1208t = 0.1208 x 35,640 = 4300 inch Ib. 
Force Required at End of Usual Length Wrench: 
Referring to Table IV, the usual length wrench for a 
1} inch bolt is 16 inches. 


Hence the force required 


by the short cut method of Table IV, 
F = 0.00755t = 0.00755 « 35,640 = 269 Ib. 

Torsional stress produced by wrench torque: In 
addition to producing tension in the bolt, wrench 
torque also produces a temporary torsional stress 
which is immediately relieved when the effort is re- 
moved from the wrench. The magnitude of this tor- 
sional stress can be computed from the fundamental 


, after making suitable de- 


torsion formula T = 
r 

ductions for torque absorbed in collar friction in the 
bearing surface between the under side of the nut and 
the flange, and for torque usefully converted into 
bolt tension. In other words, by considering tha: 
only the portion of the total wrench torque which it 
absorbed by friction of the thread surfaces tends to 





PITCH OF 
THREAD 











w 
=x 
+ revere LENGTH OF THREAD Tro ———* 
L*LENGTH OF WRENCH — 


no 








Fic. 10—Bott Tension Propucep py Wrencu TorQue. 

create torsional stress in the bolt area at root of 
threads. It is convenient to assign subscripts to T to 
distinguish the division of torque contemplated, and 
define the other symbols as follows: Tw wrench 
torque, inch lb.; T, torque absorbed in collar fric- 
tion, inch lb..; T, torque converted into bolt tension, 
inch lb.; T, torque absorbed in screw thread friction, 
inch lb.; r one half the bolt diameter d at root of 
threads, inches; J the polar moment of inertia of the 
bolt section at root of threads, in inches to the fourth 
the coefficient of friction between the under 


power; 
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side of nut and back of flange (0.15 for dry surfaces 
and 0.10 for lubricated) ; W the load in Ib. carried by 
the bolt; r, the mean radius of the bearing surface 
on the under side of the nut. 


Then Tw = T.+T.+T;, 
from which T,—=T,—T.—T; (See numerical ex- 


ample below). 
The equation for torsional stress in the bolt area 


at root of threads is 














qJ Tyr 
T, = —orq => 
r J 
nd* 
in which J = for a circular cross section, and 
32 
d 
r == —, hence substituting, 
2 
T, d/2 a -T, 16 T, 
q = = —_—_ —_— SO 
nd* nd d* 
32 


Since the magnitude of the torsional stress in a 
bolt is much smaller than the tensile stress t pre- 
viously derived and does not give a combined stress 
much above that due to simple tension, it is usually 
neglected. It will be of interest, however, to com- 
pute the torsional stress and the equivalent combined 
stress for the case involving the highest bolt loading 
shown in Table I. This occurs in the 1%-inch bolts 
used with the 3%4-inch pipe size of the 1350 lb. 
standard, which have a tensile stress t of 35,640 Ib. 
per square inch and require a wrench torque Ty of 
4,300 inch lb. It is first necessary to compute the 
numerical values of T, and T; to arrive at a value of 
T, to use in solving for q. The computations are for 
dry surfaces. 

The torque T, absorbed in collar friction is computed 
from the formula T, = Wr,°. The coefficient of collar 
friction has been assumed as 0.15 for dry surfaces. W is 
the area of the bolt at root of threads times the tensile 
or W = 35,640 x 0.729 = 26,000 Ib. (See 


r, is the radius 


stress 
Table V for area at root of threads.) 
from the center of the nut to a point lying midway be- 
tween the root of the bolt thread and the periphery 
tangent to the hexagonal sides of the nut, or in other 
words 

r, == (diameter of bolt at root of threads) + 

(distance across flats of nut) 





4 


0.9626+- 1.8125 
= 0.7 inches, 





which in this case is, r, = 
4 
approx. (See Table V for 0.9626 value and any table 
of U. S. Std. nut dimensions for 1.8125.) Then T, = 
0.15 & 26,000 « 0.7 = 2,730 in. lb. 
The torque T, usually converted to bolt tension is 
12 per cent of the wrench torque Ty, since an efficiency 





* See Elements of Machine Design, by Kimball and Barr, 2nd Ed., page 


277. 
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of 12 per cent was used in computing the wrench torqu: 
for dry thread conditions. Hence T,—0.12 T, — 
0.12 & 4300 = 516 inch Ib. 
From which T, = 4300 —2730 — 516 = 1054 in Ib. 
5.1 x 1054 
and q = == 6,040 Ib. per sq. in. 
0.9626* 
The maximum equivalent tensile stress t’ due to com 
bined tension and shear can be computed as follows®: 
t 
Uv =-+ Vq? + (t/2)? 
2 





Applying this formula to the case above: t = 35,640; 


35,640. / 35,60 \? 
q = 6,040 and t’ = ——— + I’ 6,040? + | —— 
2 





= 36,650 lb. per sq. in. The equivalent tensile stress 
considering combined tension and shear is 36,650 
35,640 = 1,010 Ib. per sq. in. higher than the simple 
tensile stress. This corresponds to an increase of under 
3 per cent, which is actually less than the probable varia- 
tion in coefficient of friction for screw threads and collar. 
Hence, in ordinary calculations, it appears safe to neglect 
torsional stresses in pipe flange bolts, especially since 
the additional stress is immediately relieved when wrench 
torque ceases, 








® See “Strength of Materials,” by James E. Boyd, 2nd Edition, page 290. 
_Editor’s Note: Part II of “The Design of Flanged 
Pipe Joints” will appear next month. 


How to Weld Monel Metal Piping 


Will you kindly describe in your columns the proper 

method for welding monel metal piping? 
(Signed) A. S. 

In order to be successful in welding monel metal, the 
welder should have a knowledge of the peculiarities of 
this metal as well as of its properties. 

Monel metal is an alloy of nickel and copper contain- 
ing about 67 per cent nickel, 28 per cent copper, with 5 
per cent of other elements such as iron, manganese, 
silicon and carbon. In appearance, monel metal when 
new resembles untarnished nickel. It is used extensively 
in food handling machinery, textile dyeing machinery, 
photographic tanks, pickling tanks, marine construction 
and in chemical equipment. 

In welding monel metal piping, a few simple precau- 
tions must be observed. First, a neutral flame should be 
used. The tip should be one or two sizes larger than 
would be required for steel of the same thickness. Cold 
drawn monel metal wire or strips cut from sheet, should 
be used as welding rod. As a general rule, flux is not 
required. The oxide film that forms on the surface of 
the puddle helps to protect the metal underneath from 
further oxidation. Keeping the outer envelope of the 
flame spread over the weld area will also aid in excluding 
air. The rod should be melted under this skin of oxide 
and slag. Any particles of dirt or foreign matter should 
be worked up into the slag by melting underneath them. 
Then, when the weld is built up well above the surface, 
as all monel metal welds should be, grinding will remove 
all oxide, slag and impurities, leaving only good sound 
metal in the weld. 








HE LINEAR expansion of any length of pipe is 

determined by calculating the difference between 

minimum surrounding temperature and the high- 
est temperature of steam, gases, or liquids to be conveyed 
through the pipe. 

Table 1 shows the expansion in 100 feet of pipe at 
various temperature differences. To arrive at expan- 
sion per foot, divide by 100 and then multiply by the 
number of feet of pipe for which the expansion is to 
be figured. 





TaBLE 1—INCHES OF LINEAR EXPANSION IN 100 Feet or Pipe 


TEMPERATURE | 


DIFFERENCE | Wrovent Iron STEEL Cast Iron 
Decrees F. | 

0 00 00 00 

10 .08 .08 05 
20 | 15 | 15 10 
30 23 23 5 
40 | 30 30 25 
50 40 38 36 
100 79 76 72 
125 | 97 92 88 
150 1.21 1.15 1.10 
175 1.41 1.34 1.28 
200 1.65 1.57 1.50 
225 1.87 1.78 1.70 
250 2.09 1.99 1.90 
275 2.36 2.26 2.15 
300 2.58 2.47 2.35 
325 2.86 2.73 2.60 
350 3.08 2.94 | 2.80 
375 3.46 3.31 3.15 
400 3.63 3.46 | 3.30 
425 4.05 | 3.86 | 3.68 
450 4.28 4.08 3.89 
475 | 4.62 4.41 4.20 
500 | 4.90 4.67 | 4.45 
525 5.22 | 4.99 | 4.75 
550 5.55 5.30 5.05 
600 6.26 5.98 | 5.70 
650 7.05 6.71 6.40 
700 7.86 7.50 | 7.15 
750 8.75 8.36 7.96 
800 9.76 9.31 8.87 

Example: Wanted to know the amount of expansion 


in 60 feet of wrought iron pipe subjected to a maximum 
steam temperature of 353 degrees Fahr. and a minimum 


surrounding temperature of 53 degrees Fahr. 
Calculations: 
Degrees 
Maximum steam temperature........ 353 


Minimum surrounding temperature... 53 
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xpansion in 100 feet of wrought-iron pipe, when 
Maximum temperature difference is 300 degrees Fahr. 
(trom Table 1) equals 2.58 inches. 


Maximum temperature difference... . 


301 






A Simple Method of Determining 
Pipe Line Expansion 


2.58 «& 60 
Expansion in 60 feet of pipe equals ———— 
1.548 inches. 100 


equals 


Table 2 gives properties of saturated steam, including 
data as to temperatures at various steam pressures, and 
is, therefore, of value in getting the maximum steam 
temperature,—information that is required for calculat- 
ing the amount of pipe-line expansion. 





TABLE 2—PROPERTIES OF SATURATED STEAM 





Cu. Fr WEIGHT oF 
Gace Pressure ABSOLUTE TEMPERATURE VoLUME oF 1 Cu. Fa 
Pressure | Deoress F, 1-La. Steam STeAM 
Vooum In. Mer. | 
17.70 6 170.06 61.89 O1616 
13.63 Ss 182.86 47.27 02115 
9.63 10 193 .22 38 .38 02606 
5.49 12 201.96 32.36 03090 
1.42 14 | 209.55 28 02 03569 
Pounds Pressure 
1.3 16 216.3 24.79 .04042 
2.3 17 | 219.4 23.38 04277 
3.3 18 222.4 22.16 04512 
4.3 19 225.2 21.07 04746 
5.3 20 228 .0 20.08 04980 
6.3 21 230.6 19.18 05213 
7.3 22 | 233.1 18.37 05445 
8.3 23 | 935.5 | 17.62 0567 
9.3 24 237.8 16.93 05907 
10.3 25 240.1 | 16.30 0614 
15.3 30 250.3 | 13.74 0728 
20.3 35 259.3 11.89 0841 
25.3 40 267.3 10.49 0953 
30.3 45 274.5 9.39 1065 
35.3 50 |= 281.0 8.51 1175 
40.3 55 | 287.1 7.78 1285 
45.3 60 292.7 7.17 1394 
50.3 65 298.0 6.65 1503 
60.3 75 307.6 5.81 1721 
70.3 i) 316.3 5.16 1937 
80.3 95 324.1 4.65 2151 
91.3 106 332.0 4.192 2336 
101.3 116 338.7 3.848 2599 
125.3 140 | 353.1 3.219 3107 
151.3 166 366.5 2.737 3654 
200.3 215 388.0 2.138 468 
255.3 270 407.9 1.718 582 
305.3 320 | 423.4 1.456 687 
355.3 370 437.2 1.264 791 
435.3 450 456.5 1.04 96 
535.3 550 | 477.3 83 1.20 


To find the temperature of superheated steam, take 
the temperature of saturated steam at comparable pres 
sure and add to it the total degrees fahrenheit of super 
heat. 

For example, 200 lb. pressure and 100 deg. superheat 
equals 388 deg. plus 100 deg. (superheat) equals 488 deg. 
total temperature. 





















































PLAN SECTION 


Fic. 1—Ptan Section oF SwepisH Laporatory BuiILp- 
ING AND TEst Room 








HE INVESTIGATION referred to in this arti- 
cle is on heat transmission through building con- 
struction by H. Kreuger and A. Eriksson of the 
Academy of Engineering Science, Stockholm, Sweden. 
The books which record this investigation were made 
available to this publication through the kindness of P. 
Nicholls, U. S. Bureau of Mines, Pittsburgh, Pa. The 
original report was written in Swedish and translated as 
a basis for this article. 
This is a field of industrial research which is receiving 
considerable attention in this 


Swedish Investigation 
of Heat ‘Transmission 


Through Building 
Construction 


By J. C. Peebles 


near the top in order to provide a natural air circulation. 

In Fig. 1 is shown a plan section of the laboratory 
building and test room, while Fig. 2 shows a vertical 
section. The removable walls of the test or cold room 
are shown at A, B, and C respectively, in the plan sec- 
tion, and the refrigeration coils at 4 in the vertical sec- 
tion. 


The Heat Flow Meter 


The most important part of the equipment is the 
heat flow meter, shown at 6 in Fig. 1, by means of which 
the heat flow through the test walls is measured. It con- 
sists essentially of a box with one open side, mounted 
with this open side against the wall to be tested. The 
details of the box will be seen in Fig. 3, which shows a 
vertical section above and a plan section below. The 
walls of the box consist of two layers of wood with in- 

sulating felt between, to minimize heat loss 





country at the present time, and 
efforts are being made by the 
American Society of Heating 
and Ventilating Engineers, and 
by the committee on heat trans- 
mission of the National Re- 
search Council, to standardize 
and correlate the efforts of the 
many investigators who are en- 
gaged in this important work. 
It is interesting, therefore, to 
note what European engineers 
are doing in this field and to 


spoils, heat 


compare their methods with ings better heat con- 
our own. tainers, is described 
A special building seven in this article. 





meters (about 23 feet) square 


Nature’s benefits are 
elusive; water leaks, food 
dissipates. 
The human race has de- 
vised many containersfor 
conserving human bene- 
fits, but probably the 
poorest container of them 
all is that heat container, 
—the human habitation. 


A worthy effort directed 
toward making build- 





was provided in which to carry 

on the work. The walls were built heavily to simplify 
the problem of heating and temperature control. Heat 
was supplied by a hot water system supplemented by 
electric heaters. In the approximate center of the 
laboratory building a test room, 2.1 meters square, in- 
side measurements, was erected. 

One wall of this room is fixed in position while the 
other three are so made as to be removable. Three sam- 
ples of the particular construction which is to be tested 
are used for the three removable walls of the test room, 
the entire arrangement being such that test walls can be 
removed easily and replaced with others. The room is 
cooled by means of refrigeration coils which are placed 
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and to facilitate temperature control. The 
open side of the box is one meter square, 
while the test wall, it will be recalled, is 2.1 
meters sqt. -e. The test box is placed over 
the center of the test wall, a tight contact be- 
ing secured by means of a rubber gasket. 
Fig. 3 shows the heating coils, placed near 
the bottom of the test box, with two fans di- 
rectly in front of them. Note that the fans 
are driven by a motor placed outside the test 
box, thus the heat developed by the motor 
does not affect the temperature inside the 
box. It will be noted also that a shield is 
placed between the fans and the test 
wall. This is to protect the wall from 
direct radiation from the heaters and 
also to facilitate control of the air 
circulation across the wall. The fans 
draw the air from the test wall, at 
the bottom, and deliver it over the 
heaters, thus providing a downward 
flow across the wall surface, similar to 
the conditions met in actual practice. The 
lower part of Fig. 3 shows plan section of test box. 








Method of Testing 


In conducting a test with this equipment, the air inside 
the test box is kept at the same temperature as that sur- 
rounding it in the test room. Thus there will be no flow 
of heat either to or from the test box, except that which 
flows through the test wall. Inasmuch as an accurate 
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2 VERTICAL SECTION 














Fic. 2—VeERTICAL SECTION OF SWEDISH LABORATORY BUILDING AND TEST 


Room 


measure of the electrical energy supplied to the heating 
coils is readily secured, the heat passing through the test 


wall is at once obtained. Direct current was used in 
coils, and voltmeter and ammeter readings were found 
to give the most accurate measure of the energy used. 

From the above discussion, it will be evident that this 
scheme of testing requires the control and measurement 
of air temperatures in the cold room, in the test box, 
and in the test room proper. This is a task which every 
experimental engineer knows to be by no means easy; it 
is, therefore, entirely probable that the accuracy obtain- 
able by this method is limited by this requirement. Since 
in this plan, the direction of heat flow, through the test 
walls is inward towards the cold room, it follows that 
the natural flow of air will be downward across the 
outer surface and upward across the inner surface. Fur- 
thermore, the velocity of this flow will vary with the 
insulating merits of the wall under test, being very 
feeble for a good wall and much stronger for a poor 
one. 

In the tests under discussion, natural air circulation 
was depended upon across the outer surface of the test 
wall, while inside the test box (but still on the outer 
surface of the wall), fan circulation was used as already 
indicated. The fans were run at such a speed as to give 
a temperature distribution at the wall surface inside 
the box just the same as at the same surface outside 
the box. (It will be recalled that the test box covers 
only about one quarter of the test wall surface.) This 
precaution insures a substantially uniform rate of heat 
flow through the test wall, the same in that portion lying 
under the test box as in the portion outside the box. 

In the case of the cold room, fan circulation also was 
used in order to provide as nearly as possible, a uniform 
temperature distribution. Fig. 4 gives two sectional 
views of the cold room and shows the points at which 


303 


temperature observations were made. Ther- 
mometer Ke is placed in contact with the wall 
surface, with the others at varying distances 
therefrom as shown, the dimensions being 
given in centimeters. Thermometer K: is at 
the level of the top of the test wall and K: at 
the bottom. 

A number of temperature surveys showed 
that the mean temperature occurred at a dis- 
tance of approximately 1.25 meters (about 49 
inches), from the floor of the room, at which 
elevation all thermometers except K: and k;: 
were located. The circulating fan is shown 
in the plan section, located 1.25 meters from 
the test wall and delivering air thereto at an 
angle of 45 degrees. Note that the elevation 
of the fan is the same as that of the ther- 
mometers, 1.25 meters from the floor. 

Fig. 5 shows the location of the thermom- 
eters used in the test room, on the warm side 
of the test wall. Five instruments are used to 
show the variations of temperature vertically, 
at a distance of 75 centimeters from the test 
wall. Four are used to give the horizontal 
variations, placed at an elevation of 1.25 
meters from the floor and at distances from the 
wall as shown. The variations in tempera- 
ture, both vertically and horizontally, depend 


only upon the thermal resistance of the wall, for no 
circulating fan is used in the test recom. 
As in the case of the cold room, the mean tempera- 
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Fic. 3.—VERTICAL AND PLAN SECTION OF THE TEST Box 
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ture of the air in the test room is found to be on a plane 
approximately 1.25 meters from the floor, and it is the 
temperatures at this elevation which are used to com- 
pute the heat transmission of the wall. Temperatures 
above and below this elevation are observed in order to 
show the maximum departure from the mean. 


How Temperatures Were Measured 


For measuring the temperatures inside the test box 
thermocouples were used, connected to galvanometers 
located in the test room. Air temperatures were ob- 
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Fic. 4.—SEcTIONAL 
served at the same elevation as noted above for the test 
room, 1.25 meters above the floor. This is practically 
at the horizontal center line of the box, at which posi- 
tion the mean temperature was found. Additional ther- 
mocouples were mounted on the walls of the box so 
that equal temperatures could be maintained on both 
sides, 

If a double couple be used one junction can be mounted 
on the inside surface of the box wall and the other 
exactly opposite on the outside surface. Temperatures 
are then adjusted until the galvanometer reads zero, at 
which time the opposite surfaces are at the same tem- 
perature and hence no heat is passing between them. 

In the cases where test-wall surface temperatures were 
measured with thermometers, a type of instrument hav- 
ing a flattened bulb was used. This bulb was placed 


in a shallow depression in the wall surface, the depth 
of which was half the thickness of the bulb, and the 
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exposed surface covered with plaster of paris. The 
bulbs of thermometers used for measuring air tempera- 
tures were surrounded with paper shields to avoid radi- 
ation effects. 

It was found, however, that the shields made prac- 
tically no difference in the readings of the thermom- 
eters, the radiation effects being practically zero. 


Method of Procedure 


From the foregoing description of the equipment used 
by the Swedish engineers, the method of test will be 
readily apparent. After the test-wall has been placed in 
position as one side of the cold room, the refrigeration 
is turned on and the temperature brought down to about 
—18 degrees C., corresponding to approximately zero de- 
grees Fahr. The test box or heat meter is then mounted 
in position with its open side against the outer surface 
of the test-wall. Thermometers and thermocouples as 
already discussed are placed in position, and electric 
current turned on in the test box heaters. The temper- 
ature of the test room is maintained constant and every- 
thing is operated steadily for twenty hours or more until 
uniform conditions are reached. The speed of the cir- 
culating fans in the test box must be regulated until the 
temperature distribution across the face of the test-wall 
within the box is the same as that without. Once estab- 
lished, all temperatures must be kept as nearly constant 
as possible, and complete observations made hourly over 
a period of at least eight hours. Test box and main 
test room are usually maintained near 18 degrees C., or 
64 degrees F., although this may be varied as desired. 


Swedish Equipment Similar to American Guarded 
Hot Box 


American engineers familiar with heat transmission 
work will note at once the similarity between this Swed- 
ish equipment and the guarded-hot-box idea used in this 
country. The latter method makes use of a hot box 
almost identical with the test box of the Swedish method, 
but in place of our guard box surrounding the hot box, 
the Swedish engineers use the test room itself. 

The difficulties inherent in maintaining constant tem- 
perature in air depend to a considerable extent upon the 
size and disposition of the space wherein the control is 
to be exercised. It is doubtless more difficult to main- 
tain constant temperature conditions in a room seven 
meters square and say 2.5 to 3 meters high than in a 
box two meters square and 1.5 meters deep. It would 
seem that the most likely source of possible error in 
the Swedish method would be found in temperature dif- 
ferences between test box and test room, with a conse- 
quent flow of heat to or from the box. 

In the American method, the test room is refrigerated 
and it is only necessary to maintain constant tempera- 
ture conditions across the plane surface of the test-wall 
which forms one side of the test-box. This would seem 
to present fewer difficulties than to exercise such a con- 
trol on five sides of a box projecting from the test-wall 
out into the test room. 

The above objection can be minimized by making the 
walls of the test box quite thick and using material 
having very high thermal resistance. Also, by mount- 
ing numerous thermocouples or resistance thermometers 
on the walls of the test-box so that temperature differ- 
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ences readily may be 
discovered and cor- 
rected, less error is 
likely to occur. How- 
ever, unless a very 
elaborate system of 
heaters is used in 
the test-box it will 
not be possible to 
compensate entirely 
for temperature dif- 
ferences between in- 
side and outside, and 
hence this objection 
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Fic. 5—Suow1nc Location oF THER- pot be entirely re- 
MOMETERS USED IN Test Room ON moved. 

Warm Sine or Test WALL On the other 


hand, the air circu- 
lation within the test-box, as provided by the Swedish 
method, gives a flow of air across that portion of the 
test wall covered by the box which is substantially equa} 
to the flow provided by natural means on that portion 
of the wall not covered by the box. Thus air flow is 
practically uniform across the entire warm surface of 
the test wall, a condition very difficult to obtain with the 
American hot-box method. Inasmuch as air circulation 
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has a pronounced effect on heat flow, it would seem that 
a method of test which takes this factor into account, 
in this respect at least, is superior. 

It should be noted that the air circulation under con- 
sideration is not that due to wind, but simply the natural 
air movements across the face of a vertical wall which 
occur whenever a temperature difference between the 
two sides exists. Insofar as the Swedish method simu- 
lates this natural condition, it is apparently superior to 
our guarded-hot-box, in which, on account of the shape 
of the equipment, satisfactory control of air flow on 
the warm side of the test-wall is very difficult. If it is 
desired to investigate the effect of wind on heat trans- 
mission, both methods can be adapted to the purpose 
by providing increased fan circulation on the cold side 
of the test-wall. 

It is probably sufficient for all practical purposes if 
the heat transmission of a wall under a given set of 
conditions can be measured with an error of 5 per cent 
or less. The method discussed herein should be capable 
of such accuracy, and with its use the Swedish engineers 
should be able to secure much valuable data. The equip 
ment, when all necessary refinements are added, is elab- 
orate and rather expensive, and tests will involve consid- 
erable time and labor. But they will be well worth 
while for there is much to be done in this important 
branch of industrial research. 


Handling the Dust Problem in Lead 
Battery Manufacture 


N THE plant of a large battery 
manufacturer a closed, dustless 
system of blending lead oxides and 
manufacturing battery paste has been installed during 
the past year. This system represents a marked ad- 


By H. L. 


vance in means for conveying, blending and mixing 
for this company an 


lead oxides. It accomplishes 


economy in manufacturing and pro- 
vides a further insurance of safety to 
health of workmen. 

Because the method of conveying and processing lead 
oxides in a closed system as used by this plant is ap- 
plicable in its essential details to other plants having 
similar problems, the system there used will be de- 


Kauffman 
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scribed in detail. In connection with the following de- 
scription reference should be made to Fig. 4. 

Wooden barrels A, containing oxides of lead, have 
six-inch metal heads which may be removed by a suit- 
able tool. The suction nozzle B is inserted through 
this opening into the oxide which is conveyed by air 
to receiver C and from there discharged through a 


terial has been transferred to the weighing hopper, the 
control rod K is moved so as to open the control valv: 
in the suction line which leads from the weighing hop 
per to the main receiver L, and at the same time closes 
the valve in the conveying line from the barrel being 
unloaded. Thus, the oxides are conveyed by suction 
from scale hopper J to the main receiver L and dis- 





Fic. 2—-ExuHaAusTING Dust From Roorinc PAPER MACHINERY 





Fic. 3—Hoops anp Ducts 1n Dust ExHaAust SYSTEM IN 


A MALLEABLE 


CasTINGs GRINDING Room 


rotary discharge lock D by gravity to the storage bin E. 

The capacity of the storage bin is four to six mixer 
charges, and two oxides of lead are transported and 
processed by the installation illustrated. 


Conveying Oxides to Mixers 


When the mixer G is to be charged, the oxide flows 
by gravity from the bin £ through gates H into the 
The weighing hopper J is mounted 
When the desired amount of each ma- 


weighing hopper /. 
on a scale J, 





charyed through a rotary lock D-1 by gravity into 
any one of the four mixers G. 

This is accomplished at will by means of a distributor 
M situated below the rotary discharge lock and regu- 
lated by a wheel installed on the same platform from 
which the weighing hopper is operated. 

The air containing oxides of lead in suspension as 
a result of conveying them into receiver L, and also 
oxide dust emanating from conveying them from bar- 
rels A to receiver C, is drawn through filters O, thus 
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removing the fine lead oxide dust particles. The dust- 
free air leaving the filters is finally discharged to the 
outside atmosphere through the vacuum pump P. 

The air-suspended lead oxides in the mixer, weighing 
hopper, bins and distributor are removed by a suitable 
filter S. The air enters the filters through an intake 
manifold T and the filtered air leaves through an outlet 
manifold U and finally to the outside atmosphere 
through a fan V. 

The exit air passing through V and P is invisible; 
that is, if any dust is still present therein, such par- 
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trol be provided. Water-heating economizers are usually 
justified. 

All new customers are instructed in the economical 
use of steam. The operation of large buildings is fol- 
lowed during the first year or two. The work with other 
customers consists of following high-bill complaints, 
other buildings known to be excessive users of steam, 
customers on the demand rate, buildings in which the 
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Fic. 4.—ScHEMATIC Layout oF Dust-CoLLECTING AND CONVEYING SYSTEM FOR LEAD-BATTERY MANUFACTURING PLANT 


licles are smaller than the limit of visibility. As a 
matter of fact, for practical purposes, the recovery of 
lead-oxide dust by the filter is complete. 


Use of a system for handling lead pigments as has 
been described prevents atmospheric pollution and in- 
sures to workmen freedom from health hazard, per- 
mits the recovery of a valuable product and lessens 
damage to mechanical equipment and appurtenances. 

Due to advances in engineering technique, dust and 
fumes are no longer necessary concomitants to success- 
ful manufacturing. 


Heat Utilization in District 
Heating 
By Sterling S. Sanford* 


In the district heating business, heat utilization refers 
to the economical use of heat by customers. It is im- 
portant that steam be used with as little waste as pos- 
sible so that the cost of heating with district steam will 
compare favorably with the cost of furnishing heat from 
the customer’s own heating plant. 

Utilization work starts with the architect’s plans for 
new buildings to make sure buildings are designed so 
they can be heated at minimum cost. It is most im- 
portant that it be possible to turn off steam in a building 
at night when it is not in use and that it be possible 
to turn off steam in parts of a building not in use at 
other times. It is also important that temperature con- 


entral heating department, The Detroit Edison Company. 


operating force has changed and those in which operat- 
ing troubles have developed. The savings made are 
often very large. A large office building saved $2,900 
in one month by turning off steam at night. 
The most important points covered in investigating a 
building are: 
Is steam shut off at night? 
Is building zoned? 
Is building overheated during day? 
Are windows tight? 
Is enough radiation installed? 
Is heating equipment all in good condition ? 
Steam consumption records are kept for all build- 
ings being investigated. These are corrected for tem- 
perature and compared with records for the previous 
year. New buildings are compared with others on the 
basis of steam used per cubic foot of space. 


Aue wn = 


The effect of such work on the utility is: 


1. Steam sold per square foot of radiation is 
decreased, thus decreasing revenue. 

Night load on system is reduced and morning 
peak increased except in severe weather. 

3. Diversity factor is increased. 

4. Cost of work small part of total cost of 
service. 

Customer good will increased. 

6. New business easier to obtain. 

If the district heating industry is to render the best 
possible service and at the lowest cost to the customer, 
it must undertake as much utilization work as possible. 
This will provide the foundation for future growth and 
usefulness. 
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Heat and Energy Units 


Fundamental Definitions 





By Prof. W. R. Woolrich 


N THE mind of the average citizen, temperature 
and heat are the same. To him, a high tempera- 
ture means an abundance of heat since the 

physical manifestations are so very evident. 

To the heating engineer, it is very important that 
he should completely inform himself on the relation 
of heat and temperature. 

Heat is a form of physical energy converted from 
some other form of energy, usually by friction, chem- 
ical action or by resistance to the transmission of 
light or electricity. 

The transformation of any form of physical energy 
to heat energy is very easily done. Mechanical 
energy readily transforms to heat energy in the form 
of friction, Molecular or chemical energy readily 
transforms to heat energy as is evidenced by com- 
bustion of fuel or by the heat given up when water 
is mixed with sulphuric acid. Electrical energy is 
very easily transformed into heat as is demonstrated 
in the heating of motors, the heat losses in trans- 
formers and transmission lines, and the heating of 
commercial cooking equipment by electrical resist- 
ance units. The manifestation of heat transformed 
by light transmission resistance is best evidenced in 
the radiant heat experienced when a body is placed 
in the path of the radiant rays of the sun. 

While the transformation of these various forms 
of energy to heat is very readily accomplished, to 
reverse this transformation cycle is usually more 
difficult. That is, the conversion of mechanical en- 
ergy, chemical energy, electricity or light from heat 
energy is accomplished only with difficulty and con- 
siderable loss of available energy. 

Heat may be considered, therefore, a very stable 
form of energy, since transformation to heat is readily 
accomplished, but the reversal of the cycle is ob- 
tained only with difficulty and available energy loss. 


Temperature 


Temperature is only a measure of the intensity of 
the heat and does not indicate the amount of heat. 
Thus, a small ladle of molten iron at 2400 deg. fahr. 
may contain much less heat than a heating boiler 
which is full of hot water at 200 deg. fahr. 


Energy 


Energy is the power or capacity of doing work. 
It is sometimes defined as accumulated capacity of 
mechanical work. 

All kinds of energy can be reduced to terms of 
work although some forms are more readily convert- 
ible into mechanical work than others. 
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Energy that can be converted into work readily 
is usually called available energy. Examples of avail- 
able energy are (a) dammed up streams that are 
converted into power through a water turbine (b) 
steam boilers under pressure available for engine or 
turbine operation, (c) volatile oils that can be used 
for operating gas engines, etc. 

Energy that is not readily convertible into me- 
chanical energy is usually called diffuse or unavail- 
able energy. The principal example of a great reser- 
voir of such energy is the molecular attraction forces 
within materials. For ages this form of energy has 
challenged the scientific world to make of it an 
available form of energy, but as yet no commercially 
successful process has been advanced, 

Of the available forms of energy, further classifica- 
tions are often desirable. These are those forms of 
energy that are available by virtue of (1) material 
position, and (2) speed, (3) chemical composition, 
(4) electrical or magnetic condition and by (5) tem- 
perature. 

Energy that is available by virtue of its position 
is called potential energy. 

Energy that is available by virtue of its speed is 
called kinetic energy. 

These two forms require additional explanation. 

Potential energy may be transformed into kinetic 
energy and vice versa. 

The drop hammer in a forge shop has potential 
energy in its upper most position but just as it is 
about to hit or strike the metal at the bottom of the 
fall it is all kinetic energy. 

Water passing over a precipice has mostly poten- 
tial energy or energy of position at the top. At the 
bottom this energy is energy of speed or kinetic 
energy. 

Steam under pressure behind a piston has a re- 
serve of potential energy. As it rotates the fly wheel 
through the engine mechanism much of the potential 
energy becomes energy of speed or kinetic energy. 


Dissipation of Energy 


While energy may be transformed into less avail- 
able forms it cannot be dissipated or destroyed. The 
statement, now commonplace, that “you can not get 
as much power out as you put in” is only relative. 
All of the “power put in” can be accounted for, but 
part of it has been converted into the heat of fric 
tion or some other less available form of energy. !t 
is more correct, therefore, to state that the energ) 
readily available is usually less after conversion has 
taken place. 


The law of the conservation of energy states that 
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the sum total of energy in any system remains the 
same during any transformation. 

Some very disturbing questions are often injected 
to try to disprove this law. For instance, “What 
happens to the energy put into compression of a 
metallic spring, if, after it is compressed, it is thrown 
into an active acid solution and completely dissolved 
by the acid?” By actual test, the energy used in the 
compression of the spring reappears in the increased 
heat of the chemical reaction of the metal. It can 
all be accounted for, 


Units of Temperature 


Temperatures between freezing and boiling may 
be measured by the sense of heat and cold conferred 
upon animal life. With the human being equipped 
with a temperature regulator maintaining his system 
at a fixed temperature when he is physically well, 
there is a very acute sensitiveness for temperatures 
to which his external body has become accustomed. 
He measures temperature on a scale of hot or cold from 
a cultivated sense based on his personal experience. 
Since this experience varies in individuals, hot or 
cold does not mean the same to each individual. 

Temperatures are usually measured by some fixed 
values. In most engineering work in English speak- 
ing countries the Fahrenheit thermometer is used 
with the two fixed points on the scale; the melting 
point of ice and the boiling point of water at sea 
level. The former on the Fahrenheit scale is taken 
as 32 and the latter at 212. 

For much of the scientific investigation work in 
the English speaking countries and for practically 
all temperature determinations in other than English 
speaking countries of Europe and America, the Centi- 
grade thermometer is used. On this thermometer 
the temperature of melting ice is taken as the zero 
point, and the temperature of boiling water is taken 
as 100. 

In some industries, a Reaumur scale is used with 
the melting point of ice taken as the zero point and 
the boiling point of water as 80. 


Absolute Zero 


Absolute zero on the Fahrenheit scale is -—46l. 
On the Centigrade scale it is -273. This zero of 
temperature is often defined as “the temperature at 
which a perfect engine would convert into mechan- 
ical work all of the heat supplied.” 


Sensible Heat 


Heat may be present either as sensible heat or as 
latent heat. When changes in the heat present can 
be detected readily by one of the human senses such 
heat is called sensible. 

Examples of this form of heat are most common. 
When water is placed over the stove we can feel it 
get hotter and hotter. Each additional amount of 
heat added gives a certain rise of temperature. Most 
of our common every day experiences are associated 
With sensible heat, and since we have no visible evi- 
dence of other heat being present we are most likely 
to assume that all heat is sensible heat, 
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Latent Heat 


In the heating or cooling of many substances, heat 
is stored up due to internal changes that occur 
within the structure of the substance itself, yet no 
change of temperature may be experienced. Such 
heat is hidden or latent heat. Latent heat may be 
defined as heat added to a substance without chang- 
ing the temperature of the substance. 

For example, when we heat a kettle of water to the 
boiling point, it continues to get hotter and hotter 
until it reaches the boiling point. This heat is sen- 
sible heat. When the boiling point is reached 
further change of temperature occurs within the 
kettle as long as the pressure remains unchanged. 
For the entire period of boiling away or vaporizing 
of the kettle of water after the boiling point is 
reached no increase of temperature is possible. Yet 
more and more heat is being added to the kettle to 
vaporize the water. The heat is being used to 
change the water from the form of water to the 
form of a vapor. 

The amount of heat that has been added to change 
it from its liquid form to the vapor form of water 
is known as the latent heat of vaporization of water. 


no 


Unit of Measurement of Heat 


The unit of measurement of heat is the British 
thermal unit. It is usually abbreviated as the B.t.u. 
The common definition for the British thermal unit 
is “The amount of heat necessary to raise one pound 
of water one degree Fahrenheit.” 

For example, if a pan contained 20 pounds of water 
and it is heated 10 degrees, the total number of B.t.u. 
added to the water will be 20 * 10, or 200. 

A more exact definition for B.t.u. is “The 
amount of heat necessary to raise the temperature 
of one pound of water from 62 deg. fahr. to 63 deg. 

Another definition that has often been suggested 
is “1/180 of the amount of heat required to raise one 
pound of water from the condition of water at 32 
deg. fahr. to the condition of water at 212 deg. fahr.” 
By subtracting 32 deg. fahr from 212 deg. fahr. there 
is the difference of 180 deg. fahr. 


one 


Values of Latent Heat of Vaporization and Latent 
Heat of Fusion 


The amount of heat necessary to raise one pound 
of water from water at 32 deg. fahr. to water at 212 
deg. fahr. was given as 180 B.t.u. 
same pound of water at 212 deg. fahr. requires 
971.7 B.t.u. This is the value of the latent heat of 
vaporization of water at atmospheric pressure. The 
180 B.t.u. is in the form of sensible heat and the 
971.7 B.t.u. is latent heat. 

Likewise, when this same pound of water in the 
form of ice at 32 deg. fahr. is changed to water at 
32 deg. fahr, it requires an addition of 143.4 B.t.u., 
though there is no temperature change. ‘This is 
known as the latent heat of fusion of water. 


To vaporize this 


Units of Energy 
Since the power of doing work is called energy, 
the units for measurement of energy and work are 
the same. The most common unit of work is the foot 
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pound. It is defived as the amount of work neces- 
sary to raise one pound to a height of one foot. 

By definition neither energy nor work involves 
time. Any length of time that might be required to 
raise the one pound weight to a height of one foot 
can be taken. When completed one foot-pound of 
work has been done. 

When time is involved in the performance of this 
work, the product is power. Power is the amount of 
work done in a specified time, or, the capacity to do 
a piece of work in a specified time. 

In mechanical and heating work the engine horse- 
power is defined as the doing of 550 foot pounds of 
work in one second or 33,000 foot pounds of work 
in one minute. 


Relation Between Heat and Work 


The commonly accepted mechanical equivalent of 
heat is 778 foot pounds = 1 B.t.u. 
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To express a relationship between heat and horse- 
power it is necessary to designate the period over 
which the power is measured. 

Problem: Find the heat equivalent of 12 horse- 
power hours. 

Computations : 

1 horse power is defined as 33,000 foot-pounds per 
minute, 

To maintain a rate of one horsepower for one hour 
it would be necessary to perform. 

60 x 33,000 = 1,980,000 foot-pounds of work in 

one hour since there are 60 minutes in one hour. 


1,980,000 


= 2545 B.t.u. of heat in one hour. This 


778 
is the heat equivalent of one horsepower hour. 


Then the heat equivalent of 12 horsepower hours 
will be 2545 & 12 = 30,540 B.t.u. 





Troubles from Obstructions in Steam Pipes 
By CG. W. Kimball 


N obstruction in large steam pipes is a rather 
rare occurrence and is generally not very dif- 
ficult to find, but when the obstruction is only 

partial the trouble is a little more difficult to locate. 

Some time ago, as the work on a new building was 
being finished, it was noticed that at times the north 
wing of the heating system bothered due to an occa- 
sional water hammer. The building consisted of 
three parts, a center section and two wings, piped 
exactly alike. The boilers were in the center build- 
ing and the system was a plain two pipe gravity 
return system. 

The water hammer occurred only at intervals and 
at different times during the week, sometimes not 
being noticed for several days. The piping system 
was examined carefully to see that the pipes were 
large enough, pitched correctly and that each part 
had a proper relation to the water line of the boilers. 


A Pair of Overalls 


The writer, after a series of experiments with a 
test gage, decided that there was a partial obstruc- 
tion in the 4-in. main that supplied steam to the 
north wing. The heating contractor was skeptical, 
but after opening the pipes and pulling out a pair of 
overalls and a jumper was convinced that the writ- 
er’s deductions were true. 

The overalls and jumper apparently let enough 
steam through to supply the radiation, except when 
the rooms were cold, then the obstruction would act 
as a reducing valve and of course the water backed 
up in the returns due to loss of pressure in the main. 
By putting the test gage on each radiator it was quite 
easy to determine just where the obstruction was, 
as on the boiler side of the obstruction, the gage 
showed full pressure, while on the other side it 
showed a loss of approximately 1% Ibs. 





No trouble was had with the north wing after the 
overalls and jumper were removed. 


A Cement Bag 


A somewhat similar trouble in connection with the 
heating system in a college building was found by 
the use of a test gage. The writer was called in 
after various attempts had been made, at an expense 
of more than $200, to remedy this trouble by chang- 
ing the piping at various points. 

The operating engineer had reached the conclu- 
sion that the whole system was defective and would 
have to be repiped to secure quiet operation. 

After listening to all the stories, theories and de- 
ductions that the several investigators had advanced, 
the writer by using a gage found the trouble. 

The system was a plain two pipe gravity return 
system operating at approximately two pounds pres- 
sure supplied through a reducing valve. 

At times the piping would work perfectly quietly 
and properly and at other times water hammer would 
occur at various points. Careful testing at each 
radiator indicated some partial obstruction in the 
steam main and on taking the steam main apart at 
the point directed, a cement bag was discovered 
lodged in a 3 x 2% x 2% tee in this steam supply 
pipe. The bag was porous enough to let a certain 
amount of steam through, sufficient at times to sup- 
ply the demand without trouble. At other times, 
when the total radiation was being supplied, the 
obstruction reduced the pressure enough to cause 
a backing up of the returns into the steam main, thus 
causing water hammer that annoyed the building 
occupants. 

The removal of the cement bag made the entire 
system work properly and eliminated the annoyance 
that had existed for about a year. 











Several Methods to 


Prevent or Correct 


NE of the most im- 
portant factors in 
public building and 

theater work is to keep the 
apparatus quiet and to prevent objectionable noise reach- 
ing the occupied portions of the building. In fact, in- 
dustrial work is about the only class of ventilating in 
which noise is not a most serious and undesirable factor 
to encounter, and even then it is objectionable in a great 
many cases. 

The first point to consider in the elimination of 
noise is the arrangement of the apparatus so as to 
operate within limits where the production of undue 
noise is not inherent with the installation. A distinc- 
tion also must be made between “air-noise” and “ma- 
chine-noise.” 


Production of Air Noise 


Air noise is caused by moving air too rapidly and the 
noise made by the wind is a purely air noise. Machine 
noise is produced by the moving parts of a machine and 
is caused by friction in the bearings, gears, etc., the un- 
balancing of rotating parts, a reciprocating action of 
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various parts, and the striking of moving parts against 
fixed portions. 

It is impossible, of course, to move either air or ma- 
chinery without the production of any noise at all; 
but as long as the noise created is not of sufficient 
magnitude to cause annoyance outside of the apparatus 
room little more can be expected. 


in medium and large size fans outlet velocities should 
be kept down to around 1600 to 1800 feet per minute 
and the tip speed to around 3200 or 3400 feet per minute. 
Chis, combined with duct and flue velocities of not over 


.one or a combination of several causes. 
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Noises Made by Fans 


1000 to 1200 feet per minute, will give an installation 
practically free of air noises. 

Air noise is the simplest noise to eliminate in a ventila- 
tion system inasmuch as it depends on keeping the air 
velocity down to certain limiting speeds which can be 
provided for. 

Production of Machinery Noise 

Machinery noise is not as easy to control as air noise. 
This is because machinery noise may be produced by any 
Among the 
chief sources of machinery noise may be mentioned 


(a) Too high speed 
(b) Improper alignment 
(c) Unbalancing 

(d) Loose bearings 

(e) Unstable supports 


High speed is a relative term; what is high speed for 
a bicycle is not high speed for a railroad train and that 
which is high speed for a railroad train is greatly ex- 
ceeded by the air ship. Thus, “high speed” is a relative 
term and cannot be said to exceed a certain given number 
of r.p.m. The chief objection to the so-called “high 
speed” is the fact that when apparatus is speeded up it 
generally results in aggravating any machinery noise 





fan 














| 











Isa — 


Concrese S/ab 











Fic. 2 
which at a lower speed would be much less. This does 
not always happen but it usually does. 
In cases where apparatus is not perfectly balanced or 
is out of alignment, increasing the speed of operation is 
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bound to make matters worse, and a lessening of speed 
is likewise sure to make them better. 


Sound Deadening Foundations 


Vibration is often more objectionable than noise, and 
vibration itself can be the cause of added machinery 


noise. Consequently, if installa 


tions are made with thx 


two-fold idea of preventing vibration and of stopping 
transmission of noise, a great deal may be accomplished 


even with noisy apparatus. 


Taking the matter of vibration first, after securing 
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the best alignment and most ca 
a mass foundation should be use 
vibration which still exists. 


reful balancing possible 


d to absorb any and all 
The bare supporting of ap- 


paratus on structural steel of ample strength is usually 
very inadequate to provide sufficient mass to serve any 


useful purpose. (See Fig. 1). 
or 6-in, concrete floor slab on t 


The addition of a 4-ir. 
yp of the steel is a help 
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(see Fig. 2) but the placing of a 12-in. to 18-in. thick 
block of concrete under the apparatus will provide a 
vibration absorbing capacity which will accomplish won- 
ders. (See Fig. 3). 

After sufficient mass has been supplied to absorb any 
reasonable amount of vibration the next point is to pre- 
vent what machinery sound there is from “telephoning” 
into the building structure. This is generally accom- 
plished by insulating the fan from the foundation and 
from direct metallic duct connection. 

In the case of the foundation, cork, felt, or both are 
used between the fan and the foundation. This is 
illustrated in Figs. 4 and 5. Lead is also used in bad 
cases, being usually placed directly under the fan base 
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in the shape of strips and under the heads of the lag 
screws in the shape of washers. 

It is generally conceded that a satisfactory type of 
fan foundation consists of setting the fan on a 4-in. x 
8-in. hard pine frame with halved joints which frame 
is placed over the foundation bolts and is countersunk to 
receive the nuts on the foundation bolts below the top 
of the frame. 

The fan is lag screwed to this frame with strip lead 
under the bearing angles if desired. Between the frame 
and the floor is inserted 2 in. of cork (either with or 
without 1 in. of felt) and beneath this is placed the con- 
crete mass to absorb the vibration. Then the frame is 
bolted to the foundation pad with lead sleeves around the 
bolts and lead washers under the nuts. This construction 
then appears as shown in Fig. 6, 





Sheet Metal Connections 
The foundation is not the only means, however, by 
which sound can be transmitted into the building or 
building construction. Nearly every ventilating fan has 
one or more sheet metal connections either to its inlet, 
its outlet or both. The metallic circuit of such connec- 
tions can be broken by the insertion of a canvas joint in 
the duct work. The joints usually are made 6-in. to 
8-in. long and are run around the outside of the duct 
with a metal reinforcing strip on the outside as shown in 
Fig. 7. The reinforcing strip is riveted to the duct work 
thus keeping the canvas from slipping off the metal pipe 

at either end of the joint. 

Special Floor Construction 
There is a type of patented floor which is now being 
used to a considerable extent for the purpose of killing 
machinery noise. This floor is constructed in various 
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ways but the principle followed out all the way through 
is to support the main members in felt padded saddles 
and the use of some type of sound deadening material 
between the main members. The saddles are arranged 
to carry either wood floor joints or steel tee irons and the 
space between is generally filled with cinder concrete 
or cork, 

The method of building this type of sound proof floor 
is shown in Fig. 8 where the scheme of sound proofing 
is modified to accommodate a concrete floor with a con- 
crete foundation under the apparatus. Here the chairs 
are cemented into a concrete bed and carry tee irons 
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in the felt covered arms. These tee irons have 2-in. cork 
board placed between with corrugated galvanized iron 
sheets laid over the tops of both the tee irons and cork. 

Around the tee irons a filling of sand is poured and 
a solid flush surface is thus obtained on which to lay the 
corrugated iron. Then the concrete machinery founda- 
tion is poured on the top of the galvanized iron. 

Modifications when applied to wood frame floors con- 
sist of substituting wood for the corrugated iron and 
setting the machinery on a heavy frame resting directly 
on the wood. Cinder concrete is also used in some in- 
stances in place of cork board. 

Where machinery foundations come into contact with 
building foundations there always is the likelihood that 
vibration will be transmitted into the building. The first 
thing to do in such a case is to put in enough “mass” to 
absorb as much of this vibration as possible and then to 
insulate the “mass” from the building structure so that 
any vibration which is not absorbed will be prevented 
from being transmitted into the building. 

One of the expedients often used for this purpose is 
an insulating mat made up of small squares of cork in a 
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checker board arrangement and held in place by being 
arranged tightly inside of a steel frame made of flat stee! 
in the form of a hollow square. This will be under 
stood more clearly by referring to Fig. 9. 

These groups or clusters of cork blocks are then used 
between the machinery foundations on bottom, sides, anc 
both ends, as illustrated in the typical example shown in 
Fig. 10. It will be seen that there can be no direct con 
nection between the foundation of the building and the 
foundation of the machinery when arranged in this man 
ner and some very good results have been obtained. 

It should be noted that insulation under the bottom 
of.a foundation will not be sufficient if the ends or sides 
of the foundation establish a direct contact with the build- 
ing construction. The best results are obtained when 
not only the bottom but also the sides and ends are 
insulated. Even carrying a cement floor over the top of 
the insulation so that it comes into contact with the ma- 
chinery foundation is liable to cause trouble. To kill 
noise and vibration the insulating must not only be done 
thoroughly but completely ; half way measures are largely 
a waste of money. 


Control of Dust from Column and Post Sanders 


ONSIDERABLE interest has been shown in the 
investigations of the New York State Depart- 
ment of Labor in refuse removal and dust con- 

trol necessary in the operation of woodworking ma- 
chinery, but specific details relating to many of the 


“ 
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machines have been dealt with only in a limited degree. 

It is stated by the department that machines, in con- 
nection with which sandpaper or other abrasive paper is 
used, when operated, create and disengage into work- 
room air, dust of a finely divided nature of both organic 
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and inorganic composition. The removal of dust from 
such machines is necessary by the use of effective ex- 
haust systems, in order to prevent the operators from 
inhaling it. 

The column or post sander in connection with which 
abrasive paper is used, is composed of two swinging 
arms on which pulleys and belts are operated to re- 
volve a disc on which the abrasive paper is fastened. 
The disc is protected by a cast iron or steel shield to 
which the exhaust pipes are fastened for the removal 
of the dust created by its use. The machines are used 
for sandpapering doors, sash, blinds or any plane sur- 
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moving air. Fig. 1 depicts a column sander in connec- 
tion with which the hollow arms are used as described. 

The effectiveness of the exhaust system, in connec 
tion with the dust removal from the machine is de- 
pendent upon the velocity of the air through the orifice 
between the apron and the periphery of the disc. 

This air stream must be of sufficient power to change 
the direction of the moving abrased particles of wood 
and abrasive to a vertical direction before they move 
4 inch beyond the periphery of the disc. This may be 
accomplished by maintaining a minimum air movement 
of 4,005 feet per minute through the orifice. 
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face, and are constructed to operate over a surface equal 
to the radius which the arms will inscribe when fully 
extended, 

_ As the point of operation of so-called “sandpaper- 
ing” may be changed at the will of the operator, means 
to remove the dust must be employed at the point of 
origin, or before it moves %4-in. beyond the periphery 
of the revolving disc. 

It has been customary in connection with these ma- 
chines to exhaust air through the orifice formed be- 
tween the apron which extends downward from the 
cover and the periphery of the disc. This is done by 
attaching an exhaust pipe to the disc’s cover and using 
the hollow arms of the machines as a conveying pipe. 
At the end of this, a connection is made with a branch 
pipe leading to the manifold and exhaust fan. 

\s the hollow arms of the machine have a small in- 
ternal diameter of approximately 114-in. equaling an 
area of 1.76 sq. in. and the air must turn four or five 
night angles in its travel from the disc to the branch 
Pipe attachment, a high resistance is created to the 


inch 
the 


between 
a] ron 


The circular orifice, formed the 8 
diameter disc and the 9-inch diameter of 
shield possesses an approximate area of 13 square 
inches. Therefore, if a branch pipe of 4 inches diame- 
ter is used, having an area of 12.5 square inches, the 
respective areas would approximately coincide. 

By the substitution of the 4-in. diameter pipe for the 
hollow arms, a conduit is provided in which the friction 
to the air flow, at 4,005 feet per minute, is reduced 
from 8 ounces created in the use of the hollow arms to 
314 ounces in the 4-inch pipe. Besides, seven times the 
volume of air is moved through the orifice by the use 
of the 4-inch pipe. 

The joints of the piping may either be swiveled or 
of the ball and socket type. Three-inch branch pipes 
attached to the disc’s shield successfully may be used, 
joining them together to form the 4-in. pipe. 

In connection with exhaust for machines depicted in 
Figs. 2 and 3, a higher air movement than 4,005 feet 
per minute was maintained in the piping,—approxi- 
mately 5,000 feet. 
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By Malcolm C. W. Tomlinson 


Article No. 2 


INCE human comfort is concerned mainly with 

temperature and relative humidity it is best, for 

those who are not so familiar with psychrometry, 
that an attempt be made to define these factors before 
we discuss comfort. 

The atmosphere around us is known as air. Actually 
it consists of a varying mixture of water vapor and air. 
When this mixture contains all the water vapor it can 
hold, the air is termed saturated. The amount, or 
weight, of water vapor which can mix with air in a 
saturated condition depends upon the temperature. As 
the temperature increases, the weight of the moisture 
which can be held in suspension in the surrounding air- 
water vapor mixture also increases. ‘There is, never- 
theless, no direct relation between these two quantities 
but there is a direct ratio between vapor pressure and 
the weight of moisture in such mixtures. The tem- 
perature which we have been discussing is known as the 
dry bulb temperature because it is measured, usually, 
with a mercury thermometer that has a bulb that is dry 
on its outer surface. 

When air-water vapor mixtures contain less moisture 
than they can hold, there is a definite relation established 
with the possible saturated condition which can be ex- 
pressed in percentage, based on 100 per cent of satura- 


tion. This is known as relative humidity. There is 


much confusion between the relative and the absolute 
humidity. 


This confusion will not exist if it is re- 
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membered that the absolute humidity is the actual 
weight of moisture present in the air-water vapor mix- 
ture and is.never expressed in percentage. 

To measure the relative humidity by means of tem- 
perature alone it is necessary to obtain the dry bulb tem- 
perature at the same instant that the temperature of 
evaporation is read. This latter temperature is known 
as the wet bulb temperature. 

There is a technique in obtaining correct wet bulb 
temperatures which will be explained in a later article 
on measurement methods. The difference between the 
wet and the dry bulb readings, or the wet bulb depres- 
sion, may be used to obtain the relative humidity in the 
psychrometric tables of the U. S. Weather Bureau. 
Also, by following the dry and wet bulb temperatures 
to their intersection on psychrometric charts it is pos- 
sible to read the relative humidity. 

The two psychrometric charts presented in Figs. 2 
and 3, will furnish the necessary illustration of the 
method of reading relative humidities from such charts. 
For example, take a dry bulb temperature of 95 and a 
wet bulb temperature of 58 deg. fahr. At the inter- 
section of the two lines it is seen that the relative 
humidity is approximately 5 per cent. Directly to the 
left of the intersection, at the margin, the weight of 
moisture for this mixture is read as 13 grains per 
pound of dry air. Also, from the intersection of the 
dry bulb temperature with the 100 per cent relative 
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humidity line in the psychrometric charts furnished in 
Fig. 4 and Fig. 5, the weight of the moisture in the 
saturated mixture, for the same dry bulb temperature, 
is read as approximately 258 grains per pound of dry 
air. It is easily seen, by dividing the weight of the 
saturated moisture into the weight of the moisture in 
the actual mixture that the relative humidity is prac- 
tically 5 per cent. 


The Subject of Low Humidities Concerns Every 
Human Being 


It is now possible to take up the subject of human 
comfort, with special attention to low humidities, and 
this will be found a much more interesting subject since 
it vitally concerns every human being. 

For many years the medical profession has sent 
patients with tuberculosis to dry climates such as Ari- 
zona. Nevertheless, the first proposal to air condition 
a large factory room at 10 per cent relative humidity, 
a dry bulb temperature of 85 deg. fahr. and air motion 
of 100 feet a minute was received with expressions of 
doubt, if not disapproval, by the doctors, even though the 
employees were to be in the room only a few hours a 
day. The main objection raised was that the dif- 
ferences in temperature and pressure between the con- 
ditioned room and the surrounding factory might affect 
the heart. Therefore, only young men free from heart 
diseases were employed for such purposes. Naturally, 
absences due to sickness were carefully noted. It soon 
became evident that these employes, although working 
without coats, vests and shirts, had no_ tendencies 
towards colds. As the conditioned room was most 
comfortable in warm and cold weather other employees 
tended to visit it. To eliminate this practice the tem- 
perature was gradually raised to 115 deg. fahr. Later, 
when a new room was conditioned down to % per cent 
relative humidity at the same air motion, the tem- 
peratures were again raised from 85 to 95 deg. fahr. 
because, at the lower temperature, the room was cool 
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to persons normally clothed. It was then raised from 
95 to 115 deg. fahr. for the same reason as with the 10 
per cent room. 

About the time the first development work was 
under way in the application of low humidities to actual 
factory conditions the research laboratory- of the Amer- 
ican Society of Heating and Ventilating Engineers, in 
conjunction with the Bureau of Mines and the VU. S. 
Public Health Service, began to study effect of tem- 
perature, relative humidity and air motion on human 
comfort. The earlier investigations proved rather con- 
clusively that the pulse rate determines the extent of 
human comfort or discomfort, that sweat was the chief 
factor in producing mental irritation, that ice water 
did not produce cramps under conditions of high tem- 
peratures and humidities, that the systolic and diastolic 
blood pressure fell when the temperature and humidity 
were increased moderately and that the systolic pres- 
sure rose, while the diastolic fell, in high temperatures 
and humidities. Under the latter human 
subjects complained of headaches, became irritable and 
soon developed palpitation of the heart. This work in- 
dicated that human beings could stand a temperature 
of 112 deg. fahr. at 100 per cent relative humidity for a 
half hour and that this condition was, approximately, 
as unendurable as 157 deg. fahr. at 15 per cent for the 
same period. It thus became apparent that the physio- 
logical reactions of human beings to the temperatures 
and humidities which were being used in the two con- 
ditioned rooms were not adverse to the maintenance of 
healthful working conditions. 


conditions 


Effective Temperature 
The next step of the research laboratory of the A, S. 
H. & V. E. was to correlate the vast amount of com- 
fort data gathered. This was first done on a psychro- 
metric chart of the Carrier type. Then, since a com- 
mon reference factor was needed to enable one to make 
comfort comparisons at various temperatures, relative 
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Taste 1—HuMaAN Comrort CONDITIONS FOR INDIVIDUALS 
NorMALLY CLOTHED SLIGHTLY ACTIVE 
Lower Limit ror Eacn Comrort Zone 
, Re Ae te 
Ret. Huw.—°; Ch De et se ae 80 | 100 


Dry Bus TemMreraTures 


Still Air Condition 


Best Zone. . 165 | 64 | 6 | 62 | 6 | €O 
Good Zone. . 78 76 73 71 69 | 68 
Fair Zone, .... 191 | 87 | 8 | 80 | 7 75 


Poor Zone (107 99 | 93 


100 F.P.M. Condition 


Best Zone 68 | 67 66 65 64.5 | 63.5 
Good Zone. . 80 Z 75.5 | 73.5 | 71.5) 70.5 
Fair Zone 93 89 | 85 | 82.5!| 79 77 
Poor Zone 108.5 | 100.5 94.5 | 89.5 86.5 83.5 
900 F.P.M. Condition 
Pest Zone | 69.5 | 68.5 | 67.5 | 66.5 | 66 65.5 
Good Zone ; 81 79 77 75 73 72 
Fair Zone 93.5 | 89.5 | 87 83.5 | 80 78 
Poor Zone 109.5 |101.5| 95.5 |. 91 87.5 | 845 
300 F.P.M. Condition 
Best Zone 71 70 =| 69 68 67.5 | 67 
Good Zone 8&2 80 78 76 75 73 
Fair Zone.... | 94 90 | 85/| 84 | 81 | 79 
Poor Zone..............}110 |102 | 96 92 88 85 
500 F.P.M. Condition 
Best Zone... 73.5 | 72 71.5 | 70.5 | 70 69 
Good Zone 83.5 | 81.5 | 80 78.5 | 76.5) 75 
Fair Zone. .... ....| 94.5 | 90.5] 87 | 85.5 | 82.5 | 80.5 
Poor Zone {111 |103 | 97.5| 93.5] 89 | 86 


Note: The upper limit for each comfort zone corresponds 
to the lower limit of the zone which is next poorer in desir- 
ability. 

The usual air motion is 50 F. P. M. and, when a wind is stirring 
outside (windows open), the air may be moving at 100 F. P. M. 
inside. Therefore, still air conditions are not often found. 





humidities and rates of air motion, a new term—“effec- 
tive temperature”—was devised. Effective temperature 
may be defined as the scale which is a true index of a 
person’s feeling of warmth of coolness in all combina- 
tions of temperature, air motion and humidity. These 
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effective temperature lines were plotted, or superim- 
posed, on the psychrometric chart already prepared. 
Two of the A. S. H. & V. E. psychrometric charts 
are shown in Fig. 4 and Fig. 5. Both are for ind: 
viduals normally clad. The first applies to the condition 
of still air and the second to air at 300 feet per minute. 
Also, in Table 1, the dry bulb temperatures for best, 
good, fair and poor human comfort at various humidi 
ties and air motions are given for those normally clad. 
It is possible to secure corresponding data on indi- 
viduals stripped to the waist, on the amount of work 
which can be performed by human beings at different 
effective temperatures and on the variation of human 
comfort at the two extreme seasons of the year. This 
information can be had through the A. S. H. & V. E. 
Those who are interested should avail themselves of 
the opportunity to study the literature on this subject. 
All of these investigations have covered relative 
humidities between 20 and 100 per cent. It is, there- 
fore, of interest to note the actual factory experiences 
under lower humidity conditions. With temperatures 
of the dry bulb between 85 and 115, air motion of 100 
feet per minute and % per cent relative humidity, the 
effective temperatures are at least 8 degrees lower than 
those plotted on the A. S. H. & V. E. charts. For the 
same conditions, but at 10 per cent relative humidity, 
the effective temperatures are still slightly lower than 
those charted. 
' In order that no misapprehensions will be enter- 
tained in regard to the present attitude of the medical 
authorities toward low humidities it is interesting to 
note that experiments on the use of conditioned air 
are under way in two hospitals at least. In one the 
application is being made to pneumonia. Here the 
original experiments started at 40 per cent relative 
humidity and normal room temperatures. At present 
they are working at 30 per cent simply because it is 
impossible, with their present equipment, to go lower. 
It is the belief of the author that it will not be long 
before many hospitals and sanitariums will be treating 
all forms of lung troubles with air conditioning at 
humidities not higher than 10 per cent 


Shore to Ship Steam Service 


By E. W. Sylvester, Lt., Construction Corps, U. 8. N. 


T IS often either necessary or desirable to supply 

steam from a shore plant to a ship for heating, 

galley service, and the operation of steam driven 
auxiliaries when the vessel is undergoing overhaul in- 
volving temporary decommissioning of her own steam 
plant. Similar shore service is required for heating ves- 
sels building and vessels under overhaul which are not 
normally fitted with steam or other adequate heating 
systems. 

Steam is supplied from ashore to vessels at ship yard 
piers or in drydocks from the central power plant or 
the central heating plant of the yard, or from steam 
plants built for or adapted to the purpose. In most ship 
yards steam mains are run from the central power plant 
to each pier and dock for supplying this temporary 





service when required. In some yards involved in ex- 
tensive construction programs, such as the building of a 
vessel like the airplane carrier Lexington, the magnitude 
of the heating problem necessitates the construction and 
operation of a steam plant designed expressly for heat- 
ing vessels during their building periods. Some estab- 
lishments have found it expedient, in cases requiring only 
a moderate heating capacity, to provide temporary steam 
service to ships by the use of donkey boilers. 

Shore to ship steam connections must necessarily be 
flexible if the vessel is afloat to allow for vertical move 
ment of the ship due to the rise and fall of the tide and 
for horizontal movements of the vessel within the limits 
determined by her mooring lines due to wind and cur- 
rent. This connection is usually made with a flexible 
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metallic steam hose or wire-inserted rubber steam hose. 
The rubber hose is, of course, preferable from the point 
of view of minimizing condensation losses in this neces- 
sarily exposed connection but the flexible metallic hose is 
extensively employed due to its durability. 

A reducing valve and a stop valve are installed at the 
shore end of the shore to ship connection. The ship end 
is usually connected to temporary rigid piping aboard the 
vessel, which temporary piping is 
cut into the ship’s auxiliary steam 
system through a spare connection, 
if available, or by breaking a joint 
in the ship’s system for the pur- 
pose. Some vessels are fitted with 
permanently installed deck connec- 
tions from their auxiliary steam 
systems for receiving dock steam 
service. 

The shore reducing valve on tem- 
porary steam connections is usually 
set to supply steam at the maxi- 
mum pressure which will be re- 
quired on the vessel, and perma- 
nently installed reducing valves in 
the branches to the various sub- 
systems control the pressures to 
these subsystems. The systems for 
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which steam is usually supplied to a vessel under 
overhaul are steam heating, hot water, galley prcs- 
sure cookers and urns, scullery dish-washing m 
chinery, steam laundry machinery and, occasionally. 
steam winches. In connection with this latter sery- 
ice, it happened at one yard that the services of 
the submarine lifting machinery of a tender, which was 
at the yard under overhaul and whose fires had been 
hauled, where desired for lifting the bow of a submarine 
for inspection of the torpedo tubes. Arrangements were 
therefore made to supply steam to the tender’s lifting 
machinery from the central power plant of the yard. 


Arrangement at Portsmouth Navy Yard 


An unusual instance of shore to ship steam service is 
afforded by the arrangements utilized for heating sub- 
marines under overhaul at the Portsmouth Navy Yard 
during the winter months. Only the largest and latest 
of our submarines are fitted with permanently installed 
steam heating systems. The great majority are provided 
with portable electric heaters only, which are inadequate 
to provide a satisfactory degree of comfort to crew and 
yard workmen during severe weather. The yard has 
developed what is in effect a portable steam heating sys- 
tem for this service. The radiators are made up of six 
parallel ten foot lengths of 1%4-in. iron pipes connected 
in series by 180 deg. fittings. These made-up ra ‘ator 
sections can be readily shipped through a submarine’s 
deck hatches, and they are installed in the habitable com- 
partments of the vessel by suspending them from con- 
venient points of attachment. A temporary steam supply 
line is run the length of the vessel through the bulkhead 
doors to supply these radiators. This supply line is 
connected to the dock steam main through the usual 
flexible metallic steam hose. The radiators are connected 
in parallel when it is practicable to trap them. Under 
conditions of especially severe weather or when the 
physical conditions aboard the submarine render the 
installation of traps impracticable, several radiators are 
connected in series and permitted to exhaust to the at- 
mosphere, the reducing valve on the dock being set to a 
pressure which will just keep a feather of steam blowing 
through the exhaust. 

Another unusual instance of shore to ship steam serv- 
ice arrangements has been reported to the writer in con- 
nection with certain German wartime submarines which 
are reported to have been fitted with permanently in- 
stalled steam heating systems solely for the purpose of 
heating these vessels from the dock when they are in 
port. 

A veteran of the service is the donkey boiler which 
is shown in Fig. 1. When it is necessary to supply steam 
to a vessel undergoing repairs at the Charlestown Navy 
Yard, this boiler is called to the colors. 





Engineering 

The following definition of “engineering,” designed to 
be general enough to include the various branches, has 
been proposed by Col. P. E. Barbour, secretary of the 
Mining and Metallurgical Society of America: “Engi- 
neering is the judicious application of the technical sci- 
ences to the human solution of inanimate mechanical 
problems.” 
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Fic. 1—DrIAGRAM oF A FLoor Type Unit Heater SHowrnc Test EQUIPMENT 


Heat and Air Volume Output of Unit 
Heaters 


The results of co-operative research work between the A. S. H. V. E. 
and the University of Kentucky 


By L. S. O'Bannon’, Lexington, Ky. 
MEMBER 


HIS paper describes a series of sixteen tests made 

on three unit heaters for the purpose of supplying 

information to the AMERICAN Society of HEat- 
ING and VENTILATING ENGINEERS’ Committee on Code 
for Testing Unit Heaters. The work is the result of a 
cooperative agreement between the University of Ken- 
tucky and the Research Laboratory of the Society. 

The tests were supervised by the author of this paper 
iN co-operation with his assistants and the Director of the 
Research Laboratory. A full measure of credit is due the 
men who constituted the crew of testers and who per- 
formed well all the duties of their office. These men 
were R. W. Bozeman, J. C. Lindley, L. L. Massie, J. W. 
May and E. D. Moore, all of whom were members of 
the 1929 graduating class of the University of Kentucky. 
_ In testing unit heaters the information usually desired 
is heat output, air volume output and final air tem- 
perature for several fan speeds and for various de- 
grees of entering air temperature. 


— 


“te fessor of Heat Engineering, University of Kentucky, Lexington, Ky. 
resented at the Semi-Annual Meeting o the AMERICAN Society 
OF HeatTING AND VENTILATING ENGINEERS, Lake-of-Bays,Ontario, Canada, 


June, 1929. 
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There is only.one generally appreved method of meas- 
uring heat output. This method consists of operating 
the unit for a short period of time, usually about one 
hour, and measuring the quantity of steam condensed ; 
the pounds of steam condensed per hour multiplied by 
the heat given up per pound of steam gives the heat 
output of the unit in B. t. u. per hour. 

There are two methods in common use for measuring 
the air volume output. One consists of measuring the 
air directly by means of some type of flow meter, usually 
the Pitot tube. The other is called the condensate- 
temperature rise method. ‘The latter is based on the 
assumption that the heat absorbed by the air is equal 
to the heat given up by the steam. The fundamental 
formula for this method is 

W. (H—q)=W.,.C (Ty—Tez) 
Where W,=weight of condensed steam in pounds pei 
hour 
H==total heat content of steam entering the 
heater, B.t.u. per pound 
q=heat in the condensate leaving the heater, 
3.t.u. per pound 
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Fic. 2—Vuiew or Unit HEATER AND Mrix1nc CHAMBER 


W,=weight of air passing through the heater 
in pounds per hour. 

C==specific heat of air in B.t.u. per Ib. per 
deg. fahr. (usually assumed as approxi- 
mately 0.24) 

Ty=final temperature of the air leaving the 
heater, deg. fahr. 

T,==temperature of air entering the heater, 
deg. fahr. 


The volume of the air for any unit of time and for any 
specified pressure and temperature is calculated 
from the weight of the air, W,, which is ob- 
tained from the formula after substituting 
numerically the other values derived from 
the tests. 

W, is obtained directly by weighing the 
condensed steam. ‘By referring to steam 
tables, H is obtained from the steam tem- 
perature and pressure observed during the 
test, and likewise, g is obtained from the tem- 
perature of the condensate. These values are 
easily and accurately obtained by ordinary 
methods. TZ, is the average of the readings 
of several thermometers or thermocouples ar- 
ranged around the inlet to the heater. As a 
rule no difficulty is encountered in measuring 
the entering air temperature. The principal 


precaution required is to shield the thermom- 
eters from the direct radiation from the heater. 
Ty is more difficult to determine accurately 
due to the non-uniform 


temperature and 


Fic. 3—View SHowr1nc Pitot Tuse ASSEMBLY, 





r Conditioning August, 1929 


Journal Section 


velocity of the warm air usually encountered at the out- 
let or outlets of the unit. To eliminate temperature 
indications which do not represent a true average a large 
duct is provided into which the unit heater discharges. 
The enlarged duct serves as a mixing chamber and as a 
collecting chamber also in the case of a unit with 
multiple outlets. The air leaves the mixing chamber 
through a single opening of restricted area at which 
point the final temperature of the air is measured, The 
mixing chamber and unit heater are insulated to prevent 
excessive loss of heat and consequent lowering of the 
final air temperature. 

To overcome the resistance of the mixing chamber an 
auxiliary fan is required. The fan is connected to the 
outlet of the mixing chamber and the air flow is reg- 
ulated by means of a damper so that a static pressure 
of zero is maintained within the mixing chamber. With 
this arrangement it is supposed that the unit is operating 
under the same conditions of free delivery as would 
obtain if no duct work were attached to the unit heater 
outlet. 

With the Pitot tube method of finding air volumes it 
is still desirable to know the final air temperature. The 
same scheme of discharging into a mixing chamber is 
used and the Pitot tube measurements are made in the 
duct between the mixing chamber and the equalizing fan. 

Fig. 1 shows a diagram of a floor type of unit heater 
with test equipment arranged to conform to the methods 
of testing just outlined. The diagram illustrates the 
set-up used in this investigation. Several photographic 
views are shown in Fig. 2-5. 

In a code for testing it is desirable to have a single 
method of procedure. Where two methods are equally 
in favor the question naturally arises as to which is the 
more accurate. Not having a third method of absolute 
accuracy it is impossible to conclude directly from ex- 
periment as to the accuracy of the two methods in ques- 
tion. However, the two methods may be compared one 
with the other; advantages and disadvantages of each 
weighed, and the probable errors evaluated. 

This investigation was undertaken from the latter 
standpoint. Nothing unusual or ultra-precise was at- 
tempted. Reasonable effort was made to eliminate sources 
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Fic. 4—REaAR View oF Unit HEATER AND MIXING CHAMBER 


of error and a few obvious corrections were estimated 
and applied. The arrangement of the set-up was planned 
and the application of instruments was executed with no 
greater elaboration of detail than ordinarily would have 
been observed in any test of similar nature, 

The results of the tests have been summarized in 
Table 1. It will be necessary to explain some of the 
items of this summary in detail, following the order in 
which they are listed, and keeping in mind the chief 
purpose of the investigation, that is, a comparison of 
the Pitot tube method with the condensate-temperature 
rise method of measuring air volume output. Tests 
numbered 1 to 6 inclusive were all made on the same unit 
heater which was of the draw-through type with cen- 
trifugal fan. Test numbers 11 to 16 inclusive were made 
on another unit of the same type but of different manu- 
facture. Each of these units had two outlets. Tests 
numbers 7 to 10 inclusive were made on a blow-through 
heater with disc fan and a single outlet. 

The duration of each test was more or less arbitrary. 
When five or six readings at 10 minute intervals gave 
repeatedly practically the same values nothing was to be 
gained by continuing the tests for a longer period. 

A constant steam pressure was maintained to give a 
Saturation temperature of 227 deg. fahr. which corres- 
ponds to 5 lb. gauge pressure at standard barometric 
pressure. The steam was supplied from a high pressure 
boiler and was reduced to the required pressure through 
a throttle valve operated manually. The steam was 


maintained at a few degrees superheat to eliminate pos- 
sible error due to moisture in the steam. 


During some 
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of the tests it was necessary to inject a slight spray of 
water into the steam to limit the degree of superheat. 

At the outlet of the heater the drawing, Fig. 1, shows 
a vertical pipe with a Y fitting and a water gauge. The 
condensate thermometer was placed in a well screwed 
into the Y. The level of the condensate was held a few 
inches above the thermometer bulb. A stem correction 
was applied to this thermometer. To insure elimination 
of air a vent valve was attached to the outlet of the 
heater and a thread of steam was allowed to flow through 
the valve continually. The heat given up per pound 
of steam was calculated as the difference between the 
heat content of the steam at inlet conditions minus the 
heat of the liquid at the temperature indicated by the 
condensate thermometer. 

The condensate was weighed on platform scales capa- 
ble of being read to % of a pound. 

Both thermometers and thermocoup!es were used to 
measure entering and final air temperatures. Six ther- 
mometers, and six thermocouples connected in parallel, 
were arranged around the inlet to the heater. Four ther- 
mometers, and four thermocouples in parallel, were 
used at the outlet of the mixing chamber. No correction 
of any kind was applied to the inlet temperature read- 
ings. The inlet thermometers and thermocouples were 


shielded from the heater but they were not shielded 
from surfaces in the room (the floor for instance) which 
may have been at a lower temperature than the entering 
air. 

The final air temperatures, by thermometers, recorded 
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in the summary include a correction for emergent stem 


and also a 


a positive correction for heat loss by conduction 


through the insulation on the mixing chamber and the 


unit heater casing. 


every test was approximately 0.2 


positive in sign. 


fahr. 


The emergent stem correction in 
deg. 
Variations from this value for indi- 


and was 


r Conditioning 
Section 


fahr. to 2.5 deg. fahr. depending upon the final tem- 
The correction was estimated } 
merely calculating the transmission loss through the 
insulation using the temperature rise of the air as the 


perature of the air. 
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temperature difference and neglecting the influence of ai: 
velocity on the inside of the heater and mixing chamber 






















































































vidual tests were in hundredths of a degree only. The This correction was also applied to the final air tem- 
correction for heat losses amounted to from 0.5 deg. peratures obtained from the thermocouple readings. 
TasLe 1—SuMMaAry oF Tests ON Unit HEATER 
roa a ee 
DF IE 6 aed Sec arbeensctedenone 1 2 3 4 5 6 7 8 so 11 22 | 13 | “4 | #45 16 
2 | Duration of Test, Minutes.............. 50 40 50 50 50 | 50 40 40 | 40 40 50 40 40 40 40 40) 
3 | Fan Speed, Rev. per Minute............ 1788 1181 792 1778 1165 797 1750 1750 | 1750 1750 834 436 647 841 647 437 
4 | Steam Pressure, Lb. per Sq. In.. 5.4 5.4 5.4) 5.6 5.6) 5.6 5.5 5.5) 5.5) 5.5 5.4 5.4) 5.4) 5.4 5.4 5.4 
5 | Steam Temperature, Deg. F . ‘ 233 | 230 232 | 234 236 231 233 236 236 246 238 232 238 232 | 230 230 
6 | Heat Content of Steam, B.T.U. per Lb 1160.3) 1158.3) 1159.8) 1160 8} 1161.8) 1159.5) 1160.3) 1161.8) 1161.8) 1166.6} 1162.7) 1159.8) 1162.7) 1159.8) 1158.8) 1158.8 
7 | Condensate Temperature, Deg. F......... 225 225 | 225 224 | 224 | 224 224 224 224 224 224 225 225 | 225 | 225 226 
8 | Neat of Liquid at Condensate Temperature, 
SEs sh abeeptrnns oa camedeehscs 193.1; 193 | 193.1} 192.1) 192.1) 192.1) 192.1) 192.1) 192.1] 192.1) 192.1) 193.1] 193 1} 193.1} 193.1 194.1 
9 | Heat Given up by Steam, B. T.U. per Lb. ‘ 967.2) 965 7} 966.7; 968.7! 969.7) 967 4 968.2) 969 7 969 < 974.5) 970.6) 966.7) 969.6) 966 7| 965.7) 964.7 
10 | Weight of Condensate, Lb. per Hour... 204.3) 146.6) 105.6) 212 1| 150.3) 111.6) 135.8) 135.0) 97.5) 157.1) 192.9) 116.6) 159.4) 198.4) 162 8| 120.0 
Temperature of Entering Air Deg. F.— | 
11 | Thermometer No. 1.............. 78.8} 81.3) 83.5) 70.7/ 73.3) 73.3) 76.1) 76.1) 77.7) 75.3) 70.1) 71.2) 70.4) 69.2) 69.0) 69.7 
12 Thermometer No. 2 78.9) 81 8| 84.2) 71.4) 73.5) 74.1) 77.2) 77.0) 78.6) 76.5) 70.3) 71.5) 70.0] 68 6| 68.5) 69.0 
13 Thermometer No. 3 78 i 80.5) 82.5) 71 0} 72.9 72.8 83.6 83.2 83.6) 81.4) 70.2) 71.5 70.1 69.2 68.9| 69.7 
14| Thermometer No. 4 78.1| 80.5} 83.0/ 70.1) 72.4) 72.9) 82.7] 82.0] 83.2} 80.3/ 70.9] 71.8) 70.7] 69 9} 79.7] 69.6 
15 Thermometer No. 5................++. 78 a 80.5} 82.6) 70.5) 73.0} 73.3} 78.1) 58.4] 81.0] 77 7} 70 9 71 7} 70.5) 69.6) 69.1) 70.0 
16 Thermometer No. 6 wl an Se 5| 82.6] 70.4) 72.6] 72.7| 76.7, 76.8; 79 1] 75.8) 71 3} 71.7} 70.5] 69.8} 69.5] 69.2 
Average Temperature of E ntering Air— | | 
7 | Thermometers . 78.3] 80.8) 83.1) 70.7) 73.0) 73.2) 79.1) 78.8} 80.5] 77.8] 70 6 71.6} 70.4) 69.4) 69.1) 69.5 
18 Thesmessunhes.. | 78.8} 81.6) 84.2) 71.5) 73.7; 74.1} 79.2] 79.6) 80.7] 78.5) 71.1 2.2} 70.9} 70.1; 69.6] 70.3 
Final Temperature of Air, Des. Fr includ- | | | } 
ing Stem Correction and Temperature | } | 
Drop Due to Heat Losses)— | | } | 
19 Thermometer No. 1 139.9) 149 3) 157.1; 135.6) 143.7) 151 5) 146 7 144 8} 144.5) 140 7| 147.4) 162 7 153 5| 147.3) 153.0) 162.5 
20 Thermometer No. 2 140.4; 149.9) 157.8) 136.2) 144.4) 151.9) 144.6) 147.0) 150.5) 142.1) 148.1) 163.8) 154.4) 148 0} 153.9) 163.5 
21 Thermometer No. 3 138.9} 148 0| 156.0) 134.6) 142.6) 149.9) 145 4| 145.9) 146 5} 141.3) 147.8) 163.5) 154.0) 147.9) 153.8) 162.5 
22 | Thermometer No. 4 139 y 148 | 155.5} 134.9] 142.7) 150.2] 145.9} 146.5] 153.7| 139.4) 147.7| 163.6} 153.9] 147.9} 153.8] 162.9 
Average Final Temperature of ai | | | | | | | 
23 Thermometers. . . 139.6} 148.9) 156.6) 135.3) 143.4) 150.9 145.7) 146.1) 148.8) 140 9) 147 8) 163 4| 154.0} 147.8) 153.6) 162.9 
24 Thermocouples 140.1; 148.8) 156.9) 135 6) 143.9] 151.4) 144.7) 145.2) 149.1) 140 3) 147.1; 162.8) 153.0) 146.8) 154 0) 162.5 
Temperature Rise, Deg. F.— 
25 By Thermometers. 61.3) 68.1 73.5} 64.6) 70.4) 77.7) 66.6) 67.2) 68.3) 63.1) 77.2) 91 | 83.6) 78.4) 84.5) 93.4 
26 By Thermocouples... . F 61 3] 67.2 72 7} 64.1] 70.2 77 3| 65.5) 65 6| 68.4 61 8} 76.0) 90.6) 82.1) 76.7 84.4 92.2 
27 | Psychrometer Reading—Dry Bulb 77.5 77.5| 77.5 77.0 72 0) 72.0} 71.0 71.0} 71.0 71.0 
28 —Wet Bulb. ... | 66.0] 66.0] 66.0] 66.5; 58 5| 58 5| 58.5) 58.5) 58.0) 58.0 
29 | —Relative Humidity, % | 55.0) 55 o| 55 0| 58.0) 44.0) 44.0) 47.0) 47.0) 45.0) 45.0 
30 | Mean Specific Heat including Moisture, 
B.T.U./Lb./Deg. F. , 0.2421) 0.2422) 0.2422) 0.2420) 0.2421) 0.2421) 0 2445) 0.2445) 0.2446) 0.2446) 0.2437) 0 2438) 0.2438; 0.2438) 0.2437) 0.2437 
Weight of Air, Lb. per Hour— | | 
31 By Thermometer 13314. | 8583 5734. 13143. | 8551.) 5739. | 8074. | 7968. | 5659 woes | 9952. | 5036 7853. | 10034 7634 5085 
32 By Thermocouples 13314. | 8698. | 5798. |13245. | 8575.) 5769 | 8210. | 8162. | 5651 — 10109 5103 7722. |10257. | 7644 5152 
Average of Pitot Tube eatin | | 
33 Static Pressure, in H2O —0 711|—0 297) —0. 130| —0. 698! —0. 298) —0. 133) —0. 31] —0.312| —0.053/ —0.580| —0.916| —0. 240| —0. 539) —0.924/—0.539/—0. 290 
34 Velocity Pressure, in. H:0. 0.643) 0.267) 0 112) 0.638) 0.263) 0.113] 0 236) 0 233) 0.113} 0.368) 0 371] 0.093) 0.209) 0.378} 0.217) 0.094 
35 | Barometer Reading, Inches of Mercury. 29.15} 29.15) 29.15] 28 82} 28 82] 28.82) 28.88} 28.88} 28 87} 28.87} 29.07) 29.09) 29.09) 29.10) 29.11; 29.12 
36 Absolute Pressure of Air at Pitot Tube,in. Hg} 29.10} 29.13) 29.14) 28.77] 28.80] 28.81) 28.86] 28.86) 28.87) 28.83) 29.00) 29.07) 29.05) 29.03) 29.07). 29.10 
37 | Termperature of Air at Pitot Tube, Deg. F., | 
by Thermocouples 138.2) 147.0) 153.7) 134.4) 142.0) 147.6) 143.0) 143.1) 146.5] 138.7) 145 9| 159.3) 151.2} 145.9) 151.0) 159.0 
38 | Density of Air at Pitot Tube, Lb. per Cu. Ft.) .06457) powbty 06302) .06424) .06350) .06293) .06310) .06309) 06276; 06346) .06325 25) .06203| .06279| .06288) .06286| .06211 
39 | Velocity of Air at Pitot Tube, Ft. per Min 3459.| 2244 1461.| 3455 2231 1469.| 2120. 2107 1471. | 2640 2655. | 1342. | 2000. | 2688 2037 1349 
40 | Area of Duct at Pitot Tube, Sq. Ft 1.01714)1 017 14/1.01714/1.01714)1 O1714)1 01714) 1.017 14| 1.01714)1.01714)1 01714)1 01714/1.01714/1.01714/1.01714/1.01714/1.01714 
41 | Cubic Feet of Air per Min. at Pitot Tube, | 
CFM. 3518.| 2282. | mie -_ 2269.| 1494.| 2156.| 2143.| 1496. | 2685. | 2701. | 1365. | 2034. | 2734. | 2072. | 1372 
42 | Static Pressure in Mixing Chamber, ir in. 1:0 0 0 | ° | 0 0 0 | 0 | +01) —-0.1 0 | 0; oO 0 0 0 
43 was fsa ‘a 
44 | Total Heat Output, B.T.U. per Hour. . 197599 141572 [1020864 | 205461 145746 107962. |131482.|130910.| 94546. |153094 1872 299 1112717 154554. |191793. | 157216. | 115764 
45 | C.F.M. at 70 Deg. F. and 20.92 in. Hg., by | | | 
Pitot Tube. . . ...} 3081.) 1940.] 1250.; 3012.) 1923.) 1255.| 1815.| 1804.) 1253. | 2274. | 2280. | 1130. | 1704. | 2204. | 1738. | 1137 
| Ditto: Condensate—Temp. Rise Method 
46 By Thermometers 2961.) 1909 1275.| 2923 1902 1276 1796.| 1772.) 1259. | 2206 2213. | 1120. | 1687. | 2232 1698. | 1131 
47 | By Thermocouples 2961 1935.| 1290.) 2046 1907 1283 1826 1815.| 1257 2252. | 2248 1135 1717. | 2281 1700 1146 
| Percentage Condensate Method is s High _ | | | | | 
48 | Using Thermometer 2.00) 1.67 0.48 | 
49 | Using Thermocouples ia 20) .| 2.23} 0.61) 0.61) 0 32) | | 0.44 0.76 0.79 
Percentage Condensate Method is Low— } 
50 Using Thermometer. . . . 2.31 1.60 2.96) 1.09 1.05; 2.38 | 2.99) 2 94) 0.88} 1.00) 2 70; 2.30) 0.5 
1 Using Thermocouples . 3.3 26 2 
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The mean specific heat of the air was cal- 
culated from the following formulae 


For dry air, 
C,==0.24112-+0.000009 
For water vapor, 


C,=0.4423 +-0.00018 ¢ 


The specific heat values obtained from a com- 
bination of these formulae take into considera- 
tion not only the moisture content of the air 
but also the variation of specific heat with 
temperature. No psychrometer readings were 
taken during the first six tests and the air was 
assumed to be dry. 

The weight of the air, items 31 and 32, was 
calculated from the fundamental formula for 
the condensate-temperature rise method already 
explained. 

The Pitot tube was used according to stand- 
ard practice. The duct was divided into five 
areas requiring 20 readings to complete a 
traverse. Only one traverse was made during a test. 
Two Pitot tubes were used, one for the horizontal tra- 
verse and one for the vertical traverse. Inclined tube 
draft gauges were used for measuring pressures. The 
gauges were checked for accuracy by comparison with 
a sensitive manometer patterned in principle after a 
micromanometer described by John L. Hodgson in the 
April 1929 issue of Instruments. The manometer is 
shown in Fig. 6. The design of the manometer is such 
that the pressure readings are proportional to the vertical 
displacement of a plunger in a chamber of oil. Table 
2 gives calibration data for the draft gauge used for 
measuring velocity pressures. 

To convert Pitot tube readings into air velocities the 
density of the air at the Pitot tube must be known. 


TasBLeE 2.—CALIBRATION DATA FOR THE DraArr GAuGE USED FOR 
MEASURING VELOCITY PRESSURE IN UNIT HEATER TESTS 








ELuison GAUGE Sranparp GavuGE 
READING READING Error 

IncuEs or WATER IncHEs OF WaTER 
0.130 0.1314 —0.0014 
0.146 0.1458 +0 .0002 
0.183 0.1810 +0.0020 
0.186 0.1866 —0.0006 
0.198 0.2000 —0.0020 
0.224 0.2210 +0.0030 
0.349 0.3522 —0.0032 
0.408 0.4066 +0.0014 
0.471 0.4737 —0.0027 
0.507 0.5081 —0.0011 
0.554 0.5527 +0.0013 











This means that the temperature of the air must be 
known. Temperature readings were made simultaneously 
with Pitot tube readings by means of a thermocouple 
fastened to the side of the Pitot tube. The average 
temperature thus obtained was used in computing the 
air densities. Excepting tests numbers 1 to 6 the vapor 
content of the air was also considered. In Fig. 7 are 


typical curves showing how the temperature and velocity 
pressure varied across the duct. 
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Fic. 6.—MANOMETER USED FoR CALIBRATING Drart. GAUGES 


The air volume output by both methods has been 
reduced to a standard density of 0.0749 Ib. per cu. ft. 
This density corresponds to dry air at 70 deg. Fahr. and 
29.92 in. heating pressure. 

Assuming the Pitot tube method as a standard, per- 
centages have been calculated showing the amount the 
condensate method is high or low. Glancing at these 
figures it is quite apparent that the two methods agree 
fairly well. In fact the agréement is so close that the 
writer finds himself in the paradoxical situation of hav- 
ing to explain a fact which from a rational viewpoint 
is axiomatic and yet so contrary to the experience of a 
majority as to be seriously questioned. The writer is 
referring to the almost universal conception that volumes 
obtained by the Pitot tube method are consistently much 
higher than volumes obtained indirectly by means of 
the condensate method. The thought is sometimes ex- 
pressed by saying that the results by the condensate 
method are conservative. 

If we may come immediately to some conclusion of 
practical value it is sufficient to say that these tests show 
that for any engineering purpose the difference between 
the air volume outputs obtained by the two methods is 
negligible. This statement, however, does not tacitly 
condone slipshod practices. 

Returning to the percentages of error, the average 
amount by which the condensate method was low, using 
thermometers, was 1.3 per cent; using thermocouples, 
0.11 per cent. The percentages range from — 2.00 per 
cent to + 2.99 per cent, using thermometers; and from 
— 3.20 per cent to + 2.31 per cent, using thermo- 
couples. The larger negative values were obtained at low 
air velocities and the higher positive errors were ob- 
tained at the higher velocities. At first thought this 
would seem to indicate a systematic error in using the 
Pitot tube, especially in measuring velocity pressures, 
since the possibility for error becomes greater at low 
velocities. On the other hand, the final air temperatures 
increase as the air velocity decreases. It is quite prob- 
able that the temperature readings are in error for the 
same reason that we may suspect error in the Pitot tube. 
This is especially true with respect to the corrections 
which were added to final temperatures, since as was 











previously pointed out, these corrections were estimated 
on the basis of still air conditions on both sides of the 
insulation. 

The variation of the percentage differences with 
respect to air velocity would have disappeared. if the 
corrections applied to final temperatures had been a 
little greater at the low velocities and a little less at the 
high velocities. 

There are many factors involved. For instance, it is 
stated in paragraph 83, Appendix 1, of the Cope oF 
MINIMUM REQUIREMENTS FOR THE HEATING AND 
VENTILATION OF BuILDINGs, that the specific heat of 
air “varies from 0.2375 to 0.2430 as determined by 
various investigators.” These two values differ by ap- 
proximately 2.3 per cent, which is more than enough to 
materially change the character of the results of the tests 
under consideration, 

In regard to the measurement of air temperatures, 
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Fic. 7.—Curves SHOWING VARIATION OF TEMPERA 
TURE AND VELOocITY Pressures Across Duct 


thermocouples are to be preferred to thermometers on 
account of thermocouples being less influenced by radia- 
tion and air velocity effects, and also on account of their 
being adaptable to unusual circumstances. 

The Pitot tube method has been considered the stand- 
ard for determining air volumes. The Pitot tube is 
fundamentally accurate in theory and when properly 
designed it has proven accurate in practice. It would 
seem logical, therefore, to include the use of this instru- 
ment in a code for testing unit heaters. But since the 
testing of unit heaters includes other observations from 
which it is possible to calculate the air volume output 
with sufficient accuracy, it seems unnecessary and super- 
fluous to include the Pitot tube or any other flow meter 
device such as the orifice or venturi tube. 

The condensate method requires fewer instruments, 
less labor in testing and in making calculations, and a 
smaller amount of floor space for the set-up. 








A.S.H. & V.E. Performance Test Code 


for Steam Heating Solid Fuel Boilers 


Code No 3? 


Edition of June, 1929 


1. The object of this code is to specify the tests to be con- 
ducted and to provide a standard method for conducting and 
reporting tests to determine the efficiencies and performance 
of the boiler. 


2. Chimneys.—Tests may be conducted with either natural 
draft or induced draft. The boiler shall preferably be 
attached to a chimney of dimensions nearest to those cata- 
loged by the manufacturer. If a proper sized chimney is not 
available and therefore induced draft or a larger chimney 
is used, means must be provided for reducing the draft so 
that the draft at no time exceeds that which would have been 
obtained with chimney as specified by the manufacturer, 


3. Boiler Set-Up.—The boiler tested shall be a standard 
stock boiler. It shall be assembled in accordance with the 


*Code prepared by F. B. Howell, Chairman, R. V. Frost, T. E. Lang- 
voit, Carl H. Flink and ex-officios, Edwin W. Smith and Frederick W. 
Herendeen; adopted as Steam Heating Boiler Testing Code by the National 
Boiler and Radiator Manufacturers’ Association. 

* Adopted at the Semi-Annual Meeting of the AMERICAN Society oF 
HEATING AND VENTILATING ENGINEERS, Bigwin Inn, Lake-of-Bays, Ontario, 
Canada, June, 1929, 
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2" Hair Felt Insulation, 
or Equivalent 
Steam Pressure 
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Fic. 


manufacturer’s directions, care being taken that all openings 
which would normally be closed (when manufacturer’s direc- 
tions are followed) in practice are closed with the proper 
type of cement or putty. 

4. If the boiler is provided with an insulated jacket, this 
jacket shall be in place during tests. If boiler is uninsulated, 
all parts which would normally be covered in practice shall 
be covered with a coating of asbestos cement 1% in. thick 
or equivalent insulation, or the tested with- 
out covering and correction applied as explained in Par. 40 
(Item n) under Computations. Parts of boiler which are not 
insulated in practice shall not be insulated during tests and 


shall not be considered as external boiler surface. 


boiler may be 


ARRANGEMENT OF APPARATUS 


5. The general arrangement of apparatus shall be as 
shown in Fig. 1. Minimum apparatus for conducting tests 
shall be the following: 


(A)—Scates for weighing coal and residue 


Steam Separ ater 
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(B)—CAavisrATED weighing tank or other means for determin- 
ing water evaporated 

(C)—TuermMometers for determining feed water and steam 
temperature 

(D)—Mercury manometer for determining steam pressure 

(E)—Drart gauges for determining ash pit, fire box, and 
smoke outlet draft 

(F)—Pyrometer for determining temperature of gases leaving 
boiler 

(G)—REcoRDING or indicating CO, and CO apparatus and 
means for checking recording apparatus 

(H)—Sca.e for weighing condensation obtained from separator 

([)—BaroMETER or barograph for determining atmospheric 
pressure during test. 

6. Location of Instruments.—The feed water thermometer 
shall be inserted in a thermometer well so located as to read 
the true temperature of the water entering the’ boiler. The 
steam temperature thermometer shall be inserted directly 
into the steam in the flow outlet. 


7. The mercury manometer shall be connected with the 
steam space of the boiler. 


8. A draft gauge shall be connected to an open end tube 
set at right angles to the flow of gas in each of the following: 
ash pit, fire box, and smoke outlet collar. To prevent in- 


eke 


IC = Thermocouple 

S = Gas Sampling Tube 

A = Radius +2 

B = (2° Length of 
Insulation Beyond TC 

C = Not Over /2” 

Z = Asbestos Cement -2” Thick 
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product or gas coke of commercial size, best suited to the 
boiler. 

13. If the boiler is designed for a special solid fuel, tests 
shall be conducted with this fuel. In all cases the character- 
istics, kind, and size of fuel used in making tests shall be 
recorded on the test form. Sizes of fuel used shall be accord- 
ing to classification of American Society of Mechanical Engi- 
neers, as given in Table 1. 


TaBLe 1. NAMES AND S1zEs OF Various FUELS 


Domestic Harp Coaus Sereen 
Screen Name and Size Through Over 
Name and Size Through Over No. 1 Domestic Nut 3” 114” 
Pea ° td ly” or 2” 
Chestnut or Nut... 14” 4%” No. 4 Washed 54° 4" 
Stove or Range 134” 14%” No.3 Washed Chestnut 1\" tad 
Egg—in the East 214" 144” No. 2 Washed Stove 2” 1" 
Large Egg—Chicago 4” 234” No. 1 Washed Egg 3” 2” 
Small Egg—Chicago 234" 2” No. 3 Roller Screened Nut 14” B 
Broken or Grate : 4” 24%” No. 2 Roller Screened Nut 2” 114” 
Domestic By-Propucr Coxe No. 1 Roller Screened Nut 339” i 
Egg... 3” 214" Kee 6” 3° 
Large Stove 214" 2” Lump or Block. ... 6 
Small Stove 9” 114” Run-of-Mine: fine and large humps. 
114” 4" Screenings: usually smallest sizes. 
Pea ' a4" 1g” Pocahontas Smokeless: Generally sized as 


Brrominous Coat Nut, Egg, Lump, and Mine Run. 


ere inxs 9 Cannel Coal: 
No. 3 Nut 14" 4" For fireplaces—Hand Picked Lump. 
No. 2 Nut 9 14" For stoves—Kgg. 





Fic. 2—LocaTion oF GAs TEMPERATURE THERMOCOUPLE AND GAS 
SAMPLING TUBE 


fluence upon gas samples, draft reading, or gas temperature 
reading, choke dampers between flues and smoke outlet collar 
shall be left in wide open position throughout all tests. Cold 
air checks between smoke outlet collar and flues shall be 
thoroughly sealed during tests. Air leakage around draft 
tubes, thermocouples and gas sampling tubes shall be pre- 
vented by using asbestos rope or other suitable means packed 
around the tubes. 

9. The temperature of gases leaving the boiler shall be 
taken by means of an exposed thermocouple located as 
shown on Fig. 2. The smoke hood and smoke pipe shall be 
covered with two inches of asbestos cement to a distance one 
foot beyond the thermocouple. 

10. The gas sampling tube shall be a single open end 
tube in position corresponding to gas temperature thermo- 
couple and shall be placed in the smoke pipe within one 
foot of the gas temperature thermocouple as shown on 
Figure 2. 

11. Accuracy of Instruments.—All instruments shall be 
calibrated to insure accuracy. 

12. Fuels to be Used.—For anthracite boilers the fuel 
used shall be the commercial size, best suited to the boiler, 
as specified by the manufacturer. For soft coal boilers the 
coal used shall be a free burning 2 x 2 in. lump coal unless 
the boiler performs more satisfactorily with caking coal. If 
caking coal is used it shall be of approximately 3 x 2 in. 
lump size. For coke boilers the coke used shall be by- 


TESTS TO BE CONDUCTED 


14. Five tests shall be conducted at 2 lb. steam gauge 
pressure—one shall be at drive output and the other four at 
various output rates to show the entire operating range of 
the boiler. The manufacturer shall determine and designate 
the output rates and the operating range of the boiler. No 
test data or boiler information shall be assumed for an output 
beyond the drive test. The drive test shall be considered 
the boiler’s maximum output. No tests shall be reported in 
which the water collected from the separator is greater than 
2 per cent of the water fed to the boiler in excess of the con- 
densation resulting from the normal heat loss of the separator 
and piping. Correction for the water collected must be 
applied to the water evaporated in order to include in the 
output only the heat actually absorbed to heat the water 
from feed water temperature to steam temperature. 

15. Outlet Piping.—The number and size of outlets shall 
be as cataloged by the manufacturer. Outlets shall be full 
size to a height 30 in. above the boiler’s normal water line. 
An effective separator shall be placed in the steam outlet as 
near the boiler as practicable. The separator shall be open 
to the atmosphere through a water seal permitting any water 
separated from the steam to drain immediately into a con 
tainer for weighing. Re-evaporation of water drained from 
separator shall be prevented by use of a suitable cover on 
the container. 


16. A gate valve, full size of flow piping, shall be placed 
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between boiler and separator for the purpose of maintaining 
a constant steam pressure in the boiler at various test output 
rates, All piping up to and including separator shall be in- 
sulated with 2 in. of hair felt, or equivalent. 

17. Outlet piping shall pitch away from the risers and 
away from the separator. 

18. For all boilers up to 3,000 sq. ft. of steam radiation, 


GAS ANALYSIS 


cos co 





outlet to chimney shall be of size cataloged by manufacture: 
and shall be air tight and as short and direct as possible, 
preference being given to long radius and 45 deg. instead oi 
90 deg. bends. The bend at entrance to chimney shall lx 
carefully made, care being taken that the pipe does not pro 
ject beyond inside of chimney and that no leakage of air 
occurs. 


RESIDUE 


anoss vare 


TEST NOTES 


Sketeh of Connection to Chimney 


Form C 


water shall be supplied by an automatic feed valve of the 
slow feed type, which will maintain a constant water level 
at the normal water line. For boilers above 3,000 sq. ft. out- 
put, feed water may be regulated by hand by means of a 
gate valve. 

19. Chimney Connection.—Connection from smoke hood 


20. Cleaning Boilers—The water and steam surfaces of 
the boiler shall be thoroughly cleaned by vigorous boiling 
with a solution of sal-soda or lye, the scum forming at tlic 
surface of the water being blown out through a surface blow 
out, or the boiler outlets, with fresh water gradually fed to 
the boiler, until the water in the gauge glass appears clea”. 
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HEATING BOILER TEST REPORT—SOLID FUEL BURNING 
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The boiler shall then be drained and refilled with clean 
water. 

21. Duration of Test.—Each test shall be conducted at 
the discretion of the engineer until there has been burned in 
pounds per square foot of grate not less than 250 in the 
continuous fire method or 150 in the new fire method, or 
until the error in fuel and water determination shall not 
exceed 2 per cent. 

22. Calorific Tests and Analysis of Fuels and Refuse.— 
The quality of the fuel and of the ash and refuse shall be 
determined by calorific tests and analysis of samples. Direc- 
tions for obtaining samples of the fuel and making these 
tests and analyses shall be the recommendations in the A. S. 
M. E. Test Code for Solid Fuwels—April 1927. 

23. A representative sample of the fuel shall be taken 
during the test and shall be kept in an air tight container 
pending determination of moisture. 


STARTING AND STOPPING OF TEST 


24. New Fire Method.—New fire method of starting and 
stopping test may be used on anthracite or coke boilers. A 
preliminary fire using wood or coal shall be made and the 
boiler shall be operated until the water in the boiler has 
reached steam temperature and the boiler insulation normal 
operating temperature. During this preliminary operation 
the water in the gauge glass shall be kept at the normal 
boiler water line. The fire shall then be quickly removed 
from the boiler, the ash pit cleaned, the flues thoroughly 
cleaned, the quantity of water in tank noted, and the test 
started by placing a charge of kindling wood on the grate 
(9 Ib. for each sq. ft. of grate) igniting same and firing 33% 
per cent of the Fuel Charge (Available Fuel). A second 
amount of fuel equal to the Fuel Charge (Available Fuel) 
shall be fired within the first half hour of test. No firing 
or attention to fuel shall be permitted after this first half 
hour period until the time of adding the next fuel charge. 

25. When test has been conducted for such a period as 
specified under uration of Tests (par. 21), and the fuel has 
burned down to that point where the output can no longer be 
maintained by operation of the dampers, the test shall be ended 
as follows: 

(A)—Tue Grates shall be shaken to 
fire as if another charge of fuel were to be added 

(B)—THE CLEANINGS shall be quickly removed from the ash 


remove ash from the 


pit and weighed 

(C)—THE RESIDUE within the fire box shall be quickly quenched 
with just sufficient water to put out the fire. (The quantity of 
water used shall be recorded.) 

(D)—Tue ENTIRE residue of the fire box shall be removed and 
weighed, and shall be kept separate from the cleanings. The 
water level at the end of the test shall be the same as at the 
beginning of test. 

26. Continuous Fire Method.—The continuous fire method 
may be used for all boiler tests. The boiler shall be operated 
under test conditions for at least one firing period and not 
less than one hour before the starting of test. A preliminary 
fire shall be made and the boiler operated until the water has 


reached steam temperature, and the boiler insulation normal 
operating temperature. The flues shall then be thoroughly 
cleaned. The fire shall then be burned low, thoroughly 


cleaned, and the remaining live fuel spread evenly over the 
grate as the foundation for the first to test fuel charge. If 
the manufacturer provides firing directions these directions 
shall be followed. 

27. The thickness of the fuel bed shall be quickly meas- 
ured and the condition of the fuel bed noted. The height of 
water in boiler and feed tank shall be recorded. Tests shall 
start at the time of making these observations. The first 


weighed charge of fuel (see Par. 29) shall then be fired. If 
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firing directions are specified by manufacturer, same shall } 
followed. The ash pit shall be thoroughly cleaned imm: 
diately and the test allowed to proceed. 

28. At the end of the test fire shall be burned low ani! 
cleaned so as to leave the fuel bed in the same condition ani 
thickness as at the start of the test. When this conditioi 
is reached the water level in the boiler shall be at the sam 
height as at the start and the test shall be ended at this tim 
The contents of the ash pit shall be quickly removed ani 
weighed. 

29. The Fuel Charge for ALL tests shall be: 

(A)—The amount specified by the manufacturer, or 

(B)—The amount determined by the engineer in charge of test 
as the maximum amount of fuel consistent with proper boiler 
performance. 

30. The Fuel Charge (Available Fuel) used in computa- 
tions to determine the Average Interval between Firings which is 
recorded on Form D, Item 17, shall be obtained as follows: 

(A)—New Fire Metuop: Divide the total quantity of fuel 
fired during test (but not including the wood or coal used as a 
preliminary charge) by the number of firings during test. 

(B)—Continvuous Fire Metuop: Divide the total quantity 
of fuel fired during test by the number of firings during test. 

31. Attention to fire shall be considered as any one or 
more of the following operations and in all tests burning 
anthracite or coke of nut or larger size there shall be no 
shaking of grates or other attention to fire except at time 
of recharging boiler. 

(A )—FIRING 

(B)—StTOKING 

(C)—-LEVELING 

(D)—SHAKING GRATE 

32. The average interval between the end of any attention 
period and the beginning of the next shall be stated in the 
report of test. 

33. All dampers controlling the primary and secondary 
air may be adjusted as required to produce most efficient 
combustion at any time during test. 

34. The following readings shall be recorded at regular 
intervals not greater than 15 minutes throughout test: 

(A)—W ATER evaporated 

(B)—TeEMPERATURE of feed water 

(C)—STEAM temperature 

(D)—STEAM pressure 

(E)—Dnrarts in ash pit, fire box and smoke outlet 

(F)—TeEMPERATURE of gases leaving boiler 

(G)—WeicutT of water from separator 

35. Following readings shall be recorded every hour: 

(.4)—Bo1Ler room temperature 

(B)—OuvtsiweE temperature 

(C)—BAROMETRIC pressure 

36. In all tests using bituminous coal, any smoke ob- 
servations shall be recorded every 15 seconds according to 
Ringelman Chart numbers throughout two complete firing 
periods. 

TEST FORMS 

37. Results of tests shall be recorded on 
follows: 

(A)—Botcer Room Loc Sneet—Form A 
method) or Form B (for continuous fire method) shall be used 
for recording all readings during test. 

(B)—Tue Back or THE Borer Room Loc SuHeet—Form C 
shall be used for recording weights of fuel, residue, gas analysis 
(if Orsat Apparatus only is used), or for recording check of 
recording gas analysis apparatus with Orsat Apparatus. 

38. Results of all tests on one boiler shall be reported on 
Form D. 


39. The following results referred to boiler output in 


test forms as 


(for new fire 
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square feet of steam radiation, taken from Form D shall be 


shown by curves on Form E: 
(A)—Botcer and grate efficiency 
(B)—TEMPERATURE of gases leaving boiler 
(C)—AVERAGE firing interval 
(D)—AVERAGE attention interval 
(E)—Drart difference (smoke outlet minus ash pit). 


COMPUTATIONS 
40. Form A. 


Irem (6) =The factor 0.4 is the weight of coal equivalent in calorific value to 1 lb. of wood. 
Irem (n) = (External Boiler Surface) X (1.8) (Tg — Tr) X (hrs.) X 1/971.7. 
1.8 = (Coef. of uncovered boiler surface—coef. of covered boiler surface) 
= B.t.u./sq. ft./hr. deg. fahr. diff. of surface and room. 
Ts = Surface temperature = steam temperature. 
Tr = Room temperature. 
hrs. = Duration of test. 
Irem (0) =Surface X 2.4 K (Ts — Tr) X (hrs.) X (1/971.7). 
(Surface) = External surface of pipe in sq. ft. 
2.4 = Average coefficient for uncovered pipe. 
Ts = Steam temperature. 
Tr = Room temperature. 
hrs. = Duration of test. 
Irem (p) X 971.7 








[rem (t) =———_—— —_——— X 100 
Irem (i) X (Calorific value) 
Irem (p) X 971.7 
Trem (u) = —-_——— x 100 
{Irem (t) + Fuel through grate] < (Calorific value) 
41. Form B. 


Irem (kh) =14,600 = Calorific value of 1 Ib. carbon. 
It is assumed that the combustible in ash is carbon. 


Irem (p) X 971.7 X 100 
Ire (u) = 





Irem (c) X Calorific value 
Irem (n), (0) and (¢) same as shown under Form A. 


42. Form D. 
Fuel through grate 











Irem 8 = X 100 (New Fire Method) 

Dry fuel burned + fuel through grate 

or 
Fuel through grate 
—_——-—— (Continuous Fire Method) 

Dry fuel fired 

11 CO, + 8 O2 + 7 (CO + Nz») C X 0.24 X (Tf — Ty) 
Item 9 =—————______________— - 

3 (CO, + CO) Calorific value 

COs, O2, CO and N are in o/o by volume obtained and 

C is taken as per cent carbon by weight per pound of fvel. 

Tf = Temperature of gases leaving boiler. 

Tr = Room temperature. 

CO Cc 10,160 

Irem 10 = - - xX —--——_ = 

CO. + CO Cal. value 

CO», CO and C same as for Irem 9. 
- Surface of boiler X Coef. of covered boiler surface X (Ts — Tr) X 100 

Fuel burned per hour X Calorific value 
= Fuel charge X (boiler and grate efficiencv) 12,500 
Mij = ——— — ————— - 
Output 240 
Hours 

Item 18 =———_ ——- 

Times given attention 

Weight of clinker removed 

Irem 19 =—— x 100 (New Fire Method) 


Dry fuel burned + Fuel through grate 
or 
Weizht of clinker reroved 
— —------ - < 100 (Continuous Fire Method) 
Dry fuel fired 
DEFINITION OF TERMS USED IN THE CODE 


43. Boiler Efficiency is the percentage of the heat in the 
net dry fuel burned delivered at the boiler nozzle when the 
boiler is normally insulated. 

44. Boiler and Grate Efficiency (Overall Efficiency) is 
the percentage of the heat in the net dry fuel burned plus 
the heat in the fuel fallen through the grate delivered at the 
boiler nozzle when the boiler is normally insulated. 

45. Fuel Charge (Available Fuel) is the maximum amount 
of fuel that can actually be fired at one time and can be 
burned with proper boiler performance between firing inter- 
vals. It must be demonstrated during tests that the quantity 
cataloged by the manufacturer as Fuel Charge (Available 
Fuel) can actually be fired at one time upon a fuel bed that is 
sufficiently deep to properly ignite the Fuel Charge. The 
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following values for weight of fuel per cu. ft. shall be used 
for catalogue purposes: 


Anthracite 52.5 
Bituminous 45.0 
Coke 28.0 


46. Fuel Capacity is the weight of fuel that must be left 
in the boiler to kindle a fuel charge plus the weight of fuel 
which can be fired at one time. When specifying fuel capac- 
ity, it is necessary to specify the kind of fuel. 
is not the total weight of fuel that can be shoveled into the 
fuel and combustion space because there must be sufficient 


Fuel capacity 


furnace volume in addition to that occupied by the fuel to 
permit the escape of the gases leaving the fuel. 

47. Calorific Value is the number of B.t.u. per pound of 
dry fuel as determined in a bomb calorimeter. 

48. Clinker.—(ITeEm 19, Form D) is the weight of clinkers 
which must be removed through fire or clinker doors. It 
does not include any clinker that drops into ash pit either 
during normal operation or when grates are shaken. 

49. Residue—(IteEm g, Form A) is the weight of the con- 
tents of the firebox when ending a test in the new fire method. 

50. Cleanings.— (Item g, Form A) is the weight of material 
that drops through or is shaken through the grate into the 
ash pit. 

51. Combustible per Pound of Fuel from Analysis.— 
(Item I, Form A) equals one minus the weight of ash ob- 
tained from the analysis of the dry fuel. 

52. External Surface (Form A and 
measured surface of the boiler which is normally insulated 


Form B) is the 


in an installation. 

53. Radiation from Covered Boiler (Item //, Form D) is 
the heat lost through insulated.surfaces of the boiler. It is 
not included in boiler output but is shown on Form D to 
give the manufacturer an idea of the extent of this loss. 

54. Heat Loss from Uncovered Boiler (Item n, 
and B) is the heat lost from that part of the boiler surface 
during test 
normal insulation of the boiler in practice and which would 


Form A 


not insulated which could be saved by the 
therefore appear as added output. 

55. Heat Loss from Uncovered Piping (Irem o, Form A 
that is lost through 


piping (if condensation resulting drains back to the boiler 


and Form B) is the heat uncovered 
and is re-evaporated) because the surfaces thereof are not 
This 
required only when piping cannot be insulated. 

56. Coefficient of Covered Boiler Surface is the quantity 


of heat expressed in B.t.u. transmitted from the steam and 


normally insulated as specified in code. correction is 


water in the boiler to the boiler room per sq. ft. of normal 
insulation per hour per degree difference in temperature be 
tween the steam and the boiler room. 

57. Actual Evaporation is the actual 
heated from the average feed temperature to average steam 


weight of water 
temperature and evaporated into steam during a test. 
58. Factor of Evaporation is the total number of B.t.u. 
absorbed per pound of water evaporated divided by 971.7. 
59. Total Equivalent Evaporation (ITEM /, 
Form B) is the quantity of water which would have been 


Form A and 
evaporated from a feed water temperature of 212 deg. into 
steam at 212 deg. by the corrected heat output delivered at 
the boiler nozzle. 

60. Boiler Output is the quantity of heat available at the 
boiler nozzle with the boiler normally insulated. 

61. The Square Foot of Steam Radiation is the heat out 
put of 240 B.t.u. per hour. 

62. A Damper is a device used to control the flow of air 
or gases in a boiler. 

63. A Choke Damper is a damper placed within the gas 
passage. 

64. A Check Damper is a device for admitting air from 
the boiler room to the gas passage or smoke pipe. 








PRESIDENT’S PAGE 


There are hundreds of splendid engineers who 
are not in our ranks and who ought to be with 
us in order to advance the aims for which the 
Society was organized. 

Our Society can only be maintained in a 
healthy condition by a constant infusion of 
new blood, of good quality, and this infusion 
must come from the younger men in the 
profession. 

Have you endeavored to interest a younger 
man in the activities of the Society? If not, 


will you do so? 
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Proceedings of Semi-Annual Meeting 


- 


AMERICAN SOCIETY OF HEATING AND VENTILATING ENGINEERS 


Bigwin Inn, Lake-of Bays, Ontario, Canada 


June 26 to 28, 1929 


HE Ontario Chapter of the A. S. H. V. E. may well be proud of the fact that the Semi-Annual Meet- 
ing, 1929, held at Bigwin Inn, Lake-of-Bays, Ontario, was not only the first gathering of the Society 
outside of the United States but was also one of the best attended sessions held in the 35 years of the 


organization’s history. 


The Canadian members acted as hosts to 380 ladies, members and guests from all parts of the United 
States and the Dominion. They found Bigwin Inn a revelation and the hospitality and spirit of their hosts 


unsurpassed. 


Technical sessions were interesting and well attended. Decisive action was taken on several Codes, Dis- 
cussions were well prepared and delivered while the facilities for sport and other entertainment will be 


remembered for years to come. 


Definite forward progress was made in the solution of the boiler testing and rating problem, a code for 
testing and rating unit heaters is in prospect, and regulations for the heating and ventilating of garages 
were adopted so that the Semi-Annual Meeting 1929 can be put on record as one of progressive action. 


First Session—Wednesday, June 26, 9:30 a. m. 


The Semi-Annual Meeting of the Society was 
called to order by President Lewis on Wednesday, 
June 26 at Bigwin Inn, Lake-of-Bays, Ontario, 
Canada and M. Barry Watson, president of the On- 
tario Chapter welcomed the members to Canada for 
the first meeting of the Society, outside of ‘the 
United States. In response, President Lewis voiced 
the appreciation of the Society for the splendid work 
of the Ontario Chapter members and said that it was 
fitting that a scientific Society should not be re- 
strained by national borders. President Lewis said 
that science is international and men engaged in the 
same profession are brothers no matter where found. 


The first paper presented was entitled, Instru- 
ments for the Measurement of Air Velocity, by 
J. H. Parkin, Toronto. In the absence of the author, 
the paper was presented in abstract by J. J. Aeberly, 
Chicago (Complete text of this paper appeared in 
the June Journat, p. 145). 


Dr. E. Vernon Hill, Chicago, stated that the paper 
gave a fine description of instruments and the 
methods of use. W. A. Rowe, Detroit, stated that 
the successful use of the anemometer depended upon 
the accuracy of its calibration as well as upon proper 
technique in its use. He also pointed out that recent 


developments would soon bring forth means for 
measuring extremely low air velocities by resistance 
Wire instead of with an anemometer. 
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Prof. F. E. Giesecke, Texas, told of a problem 
requiring uniform air distribution across the hoods 
in a chemical laboratory and he outlined the method 
of studying the air distribution which was by arrang- 
ing wires across the face of the hood at every foot 
and suspending paper flags at a distance of 4 to 6 in. 
from the wire so that the inclination of the flags 
showed the air velocity at different points. 

Prof. A. P. Kratz, Urbana, IIl., stated that from 
results obtained in air measurement studies with the 
anemometer at the University of Illinois, it had been 
found that calibration of the instrument must be 
made under the same conditions as would exist when 
it was used, 

F. C. Houghten, Pittsburgh, stated that plans were 
under way to make a detailed study of the subject 
of air flow and pointed out that the preliminary 
work indicated that commonly accepted methods of 
air measurement were in error from 25 to 40%. 

W. H. Carrier, Newark, N. J., emphasized the im- 
portance of the contemplated study of the problem 
of air measurements and thought that a code should 
be prepared in the laboratory rather than by a Tech- 
nical Advisory Committee. 

E. D. Milener, New York City, said that air 
volumes passing through furnaces and ducts were 
matters of concern to the American Gas Association 


and related that accurate measurements were ob- 
tained by using the Thomas meter. 
President Lewis introduced Prof. A. P. Kratz, 
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University of Illinois, who presented a paper en- 
titled, Analysis of the Overall Efficiency of a Resi- 
dence Heated by Warm Air (published June 1929 
JouRNAL, p. 33), 

John Howatt, Chicago, inquired about the term 
“coal fired” and pointed out that it would be diffi- 
cult to get an overall heating efficiency of 95 per 
cent when it was common to find 30 per cent com- 
bustible in the ordinary ash test. He also believed 
that houses with chimneys on the outside wall were 
more frequently built than those where the chimney 
is inside and that less heat would be recovered in 
the average residence than was indicated by the 
research residence tests. Inquiry was also made by 
Mr. Howatt, about the relation of heating costs when 
an open fireplace was used. 

Prof. Kratz stated that all calculations of efficiency 
and performance were made on the basis of coal 
burning and said that combustible losses in the ash 
pit were negligible because grate efficiencies range 
from 94 to 97 per cent. He explained that the heat 
regained from the chimney is not large but that it 
comes mostly from the warm air stacks and from 
the smoke pipe and furnace casing. No tests with 
open fireplaces have been made but the author indi- 
cated that they were in prospect. 

R, V. Frost, Norristown, Pa., congratulated the 
author on bringing out the point of high overall 
efficiencies and stated that the assumed low effi- 
ciencies in house heating practice were over em- 
phasized. He cited results of recent tests with do- 
mestic stokers indicating that boiler efficiencies 
based on cast iron and steel units burning anthracite 
coal were frequently as high as 85 per cent. 

Homer Linn, Chicago, inquired about the floor and 
ceiling temperatures during the tests. 

Prof. Kratz explained that on a zero day in the 
first floor rooms, the temperature differences between 
floor and ceiling averaged 12 to 15 deg. and he 
pointed out that temperature differences at the two 
points mentioned were dependent on outdoor tem- 
peratures. On the second floor the average tempera- 
ture between floor and ceiling points was slightly 
higher or approximately 16 deg. and on the third 
floor from 17 to 18 deg. This temperature differen- 
tial was found to be common with practically all 
types of house heating apparatus. Auxiliary air 
above the fire was found to be of little value in house 
heating apparatus because of the comparatively low 
combustion rates used. 

Prof. L. M. Arkley, Ontario, asked about uniform 
distribution of heat, comparing the warm air, steam 
and hot water systems. Prof. Kratz told about tests 
in the research residence where temperature meas- 
urements were taken at the breathing line of various 
rooms, with communicating doors both open and 
closed, and stated that the maximum differences did 
not exceed 3 deg. He said that no tests had been 
run, except with warm air furnaces, but felt that 
the overall efficiency could not be materially different. 

T. F, McCoy, Boston, asked if the air supply was 
from indoors or out-of-doors and Prof. Kratz stated 
that the air was all recirculated. 

Prof. G. L. Larson, Madison, Wis., asked if the 
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tests were conducted under maximum efficiency con- 
ditions. Prof. Kratz stated that curves were plotted 
over the entire range of outdoor temperatures but 
that a tendency to overheat the house was notice: 
when the outdoor temperature was above 50 deg. 

H. Gurney, Ontario, asked about the heat loss 
through cellar, walls and windows and the author 
pointed out that in an accurately designed warin 
air furnace system, the air circulation is so rapid 
through the casing that the heat loss from the base- 
ment is not material. 

F, W. Johnson, Detroit, questioned the 175 deg. 
outlet temperature used in making computations and 
Prof. Kratz stated that all present day codes were 
based on 175 deg. as the basic temperature for design 
and pointed out that in the actual performance of 
the plant, register temperatures in the neighborhood 
of 140 deg. result because of heat transmission losses. 

C, W. Deland, Chicago, wanted to know whether 
it was difficult to heat a northwest room which had 
a large glass surface and Professor Kratz stated 
that the breathing line temperature during the first 
year test was 4 deg. lower than the average for the 
rest of the house. Increasing the size of the leader 
pipe had not remedied the trouble, but insulating 
the ceiling of the room brought the temperature up. 

H. L. Walton, Detroit, wondered whether the 
actual fuel consumption, which was less than the 
calculated fuel requirement, might not be accounted 
for on the basis of the heat loss computations, 
which is not an exact science. 

Professor Kratz pointed out that as a check on 
the accuracy of the heat loss calculations, the amount 
of heat in the coal fired compared very well with the 
overall efficiency as determined from the heat ap- 
pearing in the flue gas, and as a second check it was 
noted that no room failed to heat by any, large per- 
centage of what had been calculated. Any material 
error in heat loss calculations would have been indi- 
cated in an individual room, as well as in the house 
as a unit, he explained. 

The next speaker introduced by President Lewis 


was H. L. Walton, Detroit, who gave an abstract 
of the paper, Air Conditioning System of a Detroit 


Office Building, by H. L. Walton and L. L. Smith, 
which was published in the May 1929 Journal, p. 45. 
While outlining his paper, the author gave some 
rather interesting operating figures during summer 
operation. He stated that on June 19, a dry bulb 
temperature of 91 deg. and a relative humidity ol 
60 per cent was experienced, and that uniform tem- 
perature conditions existed throughout the various 
floors served by the air conditioning system, Dur- 
ing another period it was noted that the effective 
temperatures maintained were from 66.5 deg. to 69.3 
deg., and the variation had not been uncomfortable 
to the occupants. The speaker stated that it was be- 
lieved that winter time operation would be more 


favorable for control of the temperatures in the 


rooms, as the amount of heat could be varied in 
different parts of the system, while in the summer 
time the only opportunity for control is at t 
dehumidifying unit, while the amount of air supplied 


he 














A ugust, 1929 


to any exposure supplies all floors on a riser and 
not just an individual floor. 

L. A. Harding, Buffalo, was impressed with the 
fact that the authors, for the first time, had applied 
the term effective temperature to an actual installa- 
tion, and he also complimented them on their sum- 
marizing the items often termed fixed charges. He 
commented on the ratio of refrigerating capacity as 
compared with building occupants and the custom- 
ary practice in theatres, and inquired about the num- 
ber of air changes used as compared with the prac- 
tice in theatre work. 

Two written discussions were presented by P. D. 
Close, Technical Secretary. 

The comments of Thomas Chester, Pittsburgh, 
pointed out that the novelty of the air conditioning 
system described was the treatment of the 7th to 
16th floors, and questioned whether the carrying of 
a relatively high static pressure on the system would 
overcome the effect of all leakage into the building 
through windows, doors, elevators, etc. He 
suggested that the entering air be projected toward 
the windows to avoid cold drafts, and believed that 
better results might be obtained by the introduction 
of air through long, narrow grills in window boxes. 

The written discussion of M. G. Harbula indi- 
cated that the writer was impressed with the collabo- 
ration between the architectural and mechanical de- 
and the fact that the air distribution ducts 
were properly proportioned, and still met structural 
conditions. The writer believed that practical oper- 
ation will demonstrate that the operating cost might 
be lowered in power consumption, cost of condensing 
water and cost of refrigerant, 

James Govan, Toronto, speaking as an architect, 
emphasized the point that air conditioning in office 
buildings provided a problem in acoustics which de- 
served study, and air conditioning engineers, acoust- 
ical engineers and architects must provide methods 
of eliminating sound transmission through ducts. 

5. R. Lewis, Chicago, called attention to two items 
which sometimes cause difficulties, first, the matter 
of temperature regulation in a number of compara- 
tively small offices served by the cooling system, and 
second, the uncertain operation of several fans pull- 
ing through the heavy resistance ofa dehumidifying 
unit and duct system. 


also 


signers, 


Dr. E. V. Hill said that there are two. points to 
Which he should like to focus attention, first the 
matter of public acceptance of the completely air- 


conditioned modern building, and secondly, the 
effectual dissemination of facts regar¢ ding air condi- 
tioning among professional men and Society mem- 
bers. Every engineer, he states, should take the 
position that today he can create and maintain better 
air conditions indoors than nature provides out- 
doors. This is not imitating nature, but rather im- 
Proving upon nature, according to Dr. Hill. It is not 
to be inferred that it is more healthful to live indoors 
than to live outdoors, but it is a fact that air in- 
doors is better than is found in the city out-of-doors. 
The outdoor life is desirable and healthful on account 
ol ; ne sun effect, exercise and other things. 

- M. Nobis, Cleveland, inquired about the effect 
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of eliminating radiation under windows, and also 
asked whether the maintenance of uniform air con- 
ditions in offices would be as effective in stimulating 
physical reactions as outdoor air. It was his belief 
that the main value of air conditioning installations 
was the elimination of dust, smoke and other objec- 
tionable products from city air. 

President Lewis pointed out that the air condition- 
ing engineer could furnish any condition of air clean- 


liness and humidity for any type of building, and 
the great need was to have medical men establish 
conditions which are most healthful for human 


beings. 

S. S. Sanford, Detroit, mentioned a service build- 
ing of the Detroit Edison Company which is heated 
vith warm air introduced through ceiling diffusers 
with a small additional amount introduced through 
slots at the windows. Apparently, the quantity of 
air handled by this plant is insufficient to entirely 
overcome window drafts in severe weather, and it is 
noted’ that there are two ‘places in the room where 
complaints originate, near an 
closed stairway and the other at the exposed opposite 
found. It is be- 


one, in a corner en- 
corner where excessive drafts are 
lieved that a small amount of direct radiation under 
each window will correct the difficulty. 

In reply to the various questions; Mr. Walton ex- 
plained: the reason for the low percentage assigned 
to fixed charges, also stating that the tonnage re- 
quired for cooling the building was due to exposure 
rather than population; he told of the advantages 
anticipated from maintaining a plenum effect, and 
outlined the manner in which acoustical difficulties 
had been provided for, with the result that no ob- 
jectional sound transmission from one office to an- 
other had been noted. . The author explained that 
temperature regulation was considered one of the 
most critical points in designing the installation, and 
the temperature variations so far, recorded had met 
the requirements of the occupants. It was explained 
that only, such portions of the building as. occupied 
by the owners had been air conditioned. 

President Lewis next introduced Professor O’Ban- 
non, author of the paper, Heat and Air Volume Out- 
put of Unit Heaters, which represents co-operative 


work between the A. S. H. V. E. Laboratory and the 
University of Kentucky. (Published this issue, 
p. 323.) 

Chairman Lewis called upon D. E. French for a 


report of the Committee on Code for Testing and 
Rating Unit Heaters which had been working jointly 
with a Committee of the Jndustrial Unit Heater Associa: 
tion in the preparation of this Code. 

Mr. French stated that the had 
prepared a Code for Testing and Rating Steam Unit 
Heaters and it had been presented to the /ndustrial 
Unit Heater Association on June 25 with the result 
that the association accepted the report of the joint 
Code Committee, with certain changes agreed to by 
the Committee, as an amendment to the rules for 
testing and rating which the had 
viously adopted. The Association recommended that 
all member companies put the prescribed test pro- 
cedure in use for trial and suggested that the present 


joint committee 


association pre- 
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committee be continued so that it might present the 
Code for adoption at the Jndustrial Unit Heater As- 
sociation’s meeting next January and revised to include 
any improvements that might result from the expe- 
rience of members who use it. 

Mr. French pointed out that in view of the action 
of the Jndustrial Unit Heater Association in adopting 
the report of the joint Code Committee as a tenta- 
tive standard, the joint committee desired to report 
this action to the Society and felt that it would be 
ready to present a Standard Code to the members 
at the January 1930 meeting. For those interested Mr. 
French stated that copies of the Code with slight re- 
visions approved by the Joint Committee would be avail- 
able by application to the Society. 

Chairman Lewis said that in view of the recom- 
mendations of the Committee to defer action in this 
matter, discussion on Professor O’Bannon’s paper 
was in order. 

Professor Kratz inquired about Professor O’Ban- 
non’s procedure in measuring the heat production of 
a unit with a thermocouple on a pitot tube and then 
explained the method that he had used to obtain 
satisfactory correlation of results. The speaker also 
asked whether Professor O’Bannon had had any diffi- 
culty in maintaining pressure sufficiently close to 
atmospheric so that air flow was not affected. 


D. E. French, Philadelphia, was of the opinion that 
no basis existed for the assumption that there should 
be disagreement between results by measurement of 
air quantity by the pitot tube method and that of 
condensation temperature rise. He felt that the 
results obtained by Professor O’Bannon were a 
tribute to the methods used and the accuracy of the 
observations. 

H. S. Wheller, asked whether conclusions had 
been reached in reference to obtaining correct re- 
sults by any other method than that used. 

S. R. Lewis, Chicago, said that a recent observa- 
tion of the operation of unit heaters in a garage con- 
vinced him that the Code should provide some 
method of conducting proper tests on the job, 

L. A. Harding, Buffalo, stated that there should 
be no difference between the two test methods if it 
is assumed that the steam tables are correct and the 
specific heat of air used is accurate. 

W. A. Rowe, Detroit, believed that the difference 
of opinion between men who had studied this sub- 
ject might be accounted for by the fact that some 
were in the fan business, accustomed to testing air 
and others were in the heater business, and were 
more accustomed to judging results on the basis of 
condensation of steam, with the result that one group 
preferred a method of measuring air direct and the 
other preferred to calculate air capacity by measur- 
ing temperature rise. Both were agreed as to the 
proper method of getting the B.t.u. rating from the 
condensation test, the main difficulty being that there 
is a prevailing opinion among engineers that the 
temperature rise method should give a greater air 
volume than the pitot tube method. For that rea- 
son the research work at the University of Ken- 
tucky was suggested in order to establish definite 
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facts in this matter and the result indicates quite 
clearly that it is perfectly safe for all practical pur- 
poses to use whichever method is more convenient. 
Mr. Rowe thought that definite action on the adop- 
tion of the Code might be delayed because the resulis 
obtained in all investigations, while consistent, stil] 
left some question about the similarity of perform- 
ance of a heater when disconnected from the cham- 
ber and operated on the floor. 

Professor O’Bannon stated that Professor Kratz’ 
comments hit the heart of the investigation and he 
pointed out that the slight percentage variations 
recorded represent experimental errors. According 
to Professor O’Bannon the main reason for the 
accuracy and consistency of the results was the 
thorough insulation of the mixing chamber where 
temperature readings were taken and for that reason 
numerous chamber divisions across the duct as sug- 
gested by Professor Kratz were unnecessary. With 
reference to other methods of testing no method has 
been proposed which can be used as a general scheme 
for all types of heaters. Professor O'Bannon stated 
that if final temperature is not important it is only 
necessary to erect a duct for measuring air velocities 
and to provide some method of insuring free delivery 
of the heater. The question of whether the mixing 
chamber reproduces natural delivery conditions is 
one that needs investigation. 

D, E. French, Philadelphia, stated that field test- 
ing of unit heaters had not been given immediate 
consideration by the Code Committee as it was felt 
that the most important step was first to establish 
accurate laboratory methods by which manufacturers 
could test and rate unit heaters. The matter of field 
testing, however, is before the committee and will 
be its next job. 


Second Session—Thursday, June 27, 9:30 a. m. 


The meeting was opened by President Lewis. 
J. R. McColl, Detroit, stated that the news of the 
recent death of E, S. Hallett, St. Louis came as a 
distinct shock to everyone who knew him and that 
resolutions had been prepared and adopted by the 
Council which he thought should be presented to the 
meeting. The following resolutions were unan- 
imously passed and an engrossed copy was to be 
sent to Mr. Hallett’s family. 


WHEREAS, Edwin S. Hallett, an Active Member of the AMERICAN 
Society oF HEATING AND VENTILATING ENGINEERS, passed out of this life 
on March 29, 1929 and 

WHEREAS, he was one of the Society’s most loyal members, con- 
stant in attendance, contributing to the interest and value of the meetings 
by presenting his original ideas, and 

WHEREAS, being widely known as an outstanding engineer in schoo 
house heating and ventilation practice, and 

WHEREAS, the Society will miss his genial personality, his words 
of cheer and encouragement, his personal interest in each member and 
his kindly expressions of friendship, therefore, be it 

RESOLVED, that we, the American Society oF 
TILATING ENGINEERS, deeply regret the passing of our fellow member, 
Edwin S. Hallett, that we cherish the memory of his frank, upright 
character and that we hold in loving admiration his qualities as a” 
independent and courageous thinker, and also, be it 

RESOLVED, that a copy of these resolutions be spread upon 
records of the Society and that a copy be sent to his family, 


The first technical paper, Errors in Measurement 
of the Temperature of Flue Gases by Percy Nicholls 
and W. E. Rice, was read in abstract by A. V-. 
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Hutchinson, Secretary, (Full text of paper to be 
printed in September 1929 JouRNAL.) 

R. V. Frost, Norristown, said that much had been 
heard about the difficulty of accurately measuring 
stack temperatures and pointed out that the results 
of the authors’ work indicated that very close accur- 
acy was possible, particularly when the greatest de- 
gree of error shown was about 5 per cent. 

A paper, Pipe Sizes for Hot Water Heating Sys- 
tems by F. E. Giesecke and E. G. Smith (published 
in the June 1929 JourNaL, p. 139) representing the 
result of co-operative research between the Society 
and the Texas Engineering Experiment Station was 
presented in abstract by Professor Giesecke. 

H. H. Angus, Toronto, said that it was the com- 
mon practice in Canada to use hot water systems in 
residences and public buildings, with circulating 
pumps and stated that with oil fired units the pump 
and the oil burner were connected to work simul- 
taneously in order to produce satisfactory and effi- 
cient circulation. 

Homer Linn, Chicago, asked Professor Giesecke 
whether he had determined the proper distance be- 
tween the return connections to the main in propor- 
tion to the size of the radiator. 

H. M. Nobis, Cleveland, noticed that bottom flow 
connections were used and stated that more effec- 
tive heating might be obtained by following steam 
heating practice and making connections at the top. 

R. C. Bolsinger, Philadelphia, asked whether there 
was any difficulty in the use of partitioned fittings 
as compared with regular fittings, with one pipe 
systems. 

Professor Giesecke explained that the use of a 
pump to increase pressure head was desirable and 
it was a matter for the engineer to decide whether 
it is more economical to pay for the pump and its 
maintenance or to use larger pi sizes § rity 
circulation. sslae Shalala 

It was the author’s opinion that the distance be- 
tween the return connections could not affect a 
gravity circulating system. Relative to upper and 
lower supply connections for radiators, the speaker 
mentioned a series of tests conducted at the Univer- 
sity of Illinois, where various combinations had been 
used, and it was indicated that the desirability of one 
or the other was dependent upon the type of radiator 
used, 

In the present investigation changes in connection 
affected the pressure produced by the radiator riser as 
compared with the pressure head. The importance of 
using regular or partitioned fittings was unknown to 
the author. 

In summing up, Professor Giesecke gave an anal- 
ysis of the results of his investigations and said that 
a table of pipe sizes had been prepared for a direct 
return system now being built to represent a three- 
story installation having every possible piping ar- 
rangement, in order to find out whether the results 
are in accordance with the values determined and 
the assumptions that have been made. 

President Lewis complimented Professor Giesecke 
pon his splendid presentation which brought out 
the fundamentals of the problem and made an appar- 
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ently complicated subject very easy to understand. 
S. R. Lewis, chairman of the Guide Publication 
Committee, was called upon to present his report: 
Tue Gurpe in the past has been generally divided into two 
sections—the Engineering Data Section, and the Catalog Data 
Section. The line of demarcation between these two sec- 
tions has been rather sharply defined. It is the ambition of 
the Guide Publication Committee to make the line of de- 
marcation less sharp. It is not desired to create the im- 
pression that certain engineering data which are valuable to 
engineers, are merely compiled and published with enough 


advertising from manufacturers to pay for printing the 
engineering data. There is nothing about the service which 
Tue Gute performs, savoring of the advertising-studded 


There is nothing 
like that which 
may be found in certain college class books often: “With the 
compliments of a friend,” 

Tue Gurpe, very definitely, is an instrument of service to 


specification covers of certain architects. 
about THe Guipe which demands advertising 


both the advertisers and the engineers and the architects 
who consult its pages. It is desired that the Engineering 
Data Section and the Catalog Data Section shall co-ordinate 
with and supplement each other, and that Tae Gutpe shall 
serve those of us who make things as well as those of us 
who specify that these things shall be used in buildings, and 
how they shall be used. To that end we are endeavoring 
to refer frequently in the Engineering Section to the Catalog 
Section, and to encourage contributors to the Catalog Section 
to refer to the We are asking the 
advertisers to prepare their copy more as though it were 
going into the Engineering Section rather than as though it 
were going onto a billboard. 

Tue Guripe 1929 is now used as an authority in thousands 
of offices, and its users, having looked up the technical data 
about any subject and wishing to specify the equipment by 


Engineering Section. 


number, capacity or characteristics for some service, should 
find the information ready at hand in the Catalog Section 
of THe GUIDE. 

We are developing more information about specifications 
with the hope that eventually suggestions to be published in 
Tue Guime may standardize certain parts, and may make 
better business for the manufacturers and the contractors, 
somewhat in the same manner as the standard provisions of 
the contract of the American Institute of Architects, 

Very fine support and co-operation from our engineering 
members has been given for THe Guipe 1930, There will be 
34 feature chapters. Some of those of THe Guine of 1929 
have been omitted, and some additional subjects have been 


added. The nebulous separation between the heating sec- 
tion and the ventilating section has been eliminated en- 
tirely. The chapters have been re-grouped, starting with 


codes, standards and symbols; the discussion of heat losses; 
heating and cooling with air; heating with coal; heating 
with gas; heating with oil; heating with electricity, Then 
follow the various arrangements to carry and move the air 
and to transmit the heat from the various fuels to the 
rooms and to control it. 

The chapters are all being rewritten in the light of these 
suggestions and arrangements. Of the 34 feature chapters, 23 
are ready for the printer, except as to cross-index, and the miss- 
ing 11 are all partly completed. We ask that the contributors 
to the Catalog Section shall always read the engineering data 
section before preparing their copy. We pledge our efforts to 
blend the two parts of THe Guipe, and to make both parts as 
interesting and as valuable as possible. 

In calling for discussion, President Lewis said that 
on his recent visit to St. Louis, where he represented 
the Society at the convention of the Heating and Pip- 
ing Contractors National Association, he was delighted 
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to see the interest of that organization in THe GUIDE 
as informally expressed by the chairman of the 
Standardization Committee. He expressed the belief 
that the contractors organization and Society were 
working more closely together than in the past and 
felt that the two organizations were properly fol- 
lowing out their functions; one in the scientific field 
and the other in the practical and commercial field. 

Perry West, Newark, N. J., thought that the mem- 
bers should express their appreciation and assist Mr. 
Lewis in every way in his effort to produce THe GuIpE 
1930. { 

W. H. Driscoll, paid a tribute to the work Mr. 
West had done in bringing the book up to a high 
state of perfection and said that he turned it over to 
a most worthy successor. 

F. C. Houghten, director of the Research Labora- 
tory, presented the results of recent investigations 
in a paper entitled, Capacity of Radiator Supply 
Branches for One and Two-Pipe Systems by F. C. 
Houghten, M. E. O’Connell and Carl Gutberlet (pub- 
lished in the May 1929 JourNat, p. 55). 

When President Lewis called for discussion, W. H. 
Carrier, Newark, N. J., stated that a year or more 
ago when THe GuIpE was being compiled there werc 
much conflicting data on return main sizes and 
accepted practice varied from three or more to one. 
For that reason, the Guide Publication Committee 
requested some research on the subject. He pointed 
out that an entirely different condition exists in 
continuous operation than in intermittent operation 
and in the latter case if pipe sizes are too small or if 
excessive vacuum is not eliminated, water hammer, 
water logging and other critical conditions occur. 
As a result of further research investigations it may 
be found that some other step than providing a large 
pipe size would be necessary in the practical solu- 
tion of the problem. 

Homer Linn, Chicago, inquired whether the con- 
densing power of a radiator did not influence condi- 
tions in the branch connection and also asked if the 
difference in values in certain tests might not result 
from the air temperature surrounding the radiator. 

Professor Giesecke expressed the belief that addi- 
tional work should be done on two-pipe systems and 
suggested that a two-pipe system be defined as one 
in which the steam and condensate flow in the same 
direction. He also felt that further experiments 
should be made with higher steam pressures. 

H. M. Nobis, Cleveland, said that his experience 
indicated that air elimination rather than the size of 
pipe was an important factor in the successful opera- 
tion of a heating system. He also asked that return 
pipe sizes be calculated for gravity flow air for con- 
as atmospheric. 

R. V. Frost, Norristown, proposed that the work 
on flow of air and water in return lines started by 
Professor O'Bannon be continued. 

Perry West, Newark, N. J., expressed the opinion 
that one of the principle factors desired by the Guide 
Publication Committee was to determine the relation 
of the length of run both horizontally and vertically 
on the return pipe size. 

L. A. Harding, Buffalo, stated that it was the in- 
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tention of the Research Committee to continue the 
dry pipe tests started by Professor O’Bannon and 
said that there was need for work on other sizes, 
than 1 in. pipe, which had been completed. He sai: 
that the real need for information resulted from th: 
use of the light weight and fin types of radiators, 
particularly on hot blast systems under thermostati: 
control. As yet no way has been found for correct- 
ing difficulties by changes in pipe sizes. 
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A written discussion contributed by Louis Ebin, 
Chicago, was presented by Mr, Houghten. The at- 
tention of the author was called to the fact that the 
laboratory's results seemed to be based on a definite 
point of critical velocity for every size of pipe for 
both one and two pipe systems and a diagram accom- 
panying the discussion showed a series of curves for 
1 in. pipes of various lengths in both horizontal and 
vertical positions, and indicated a condition not 
brought out in the laboratory report as it shows that 
the critical velocity varies definitely with the length 
of the pipe. It was noted that sufficiently covering 
the riser of a two-pipe system might increase its 
capacity and engineers might find as a result of 
further experimental work, that steam capacities of 
pipes are far in excess of anything used or advocated 
at present and that in the future results may be ob- 
tained with steam heating systems using smaller 
pipe sizes than present day engineers are accus- 
tomed. 

In answering questions, Mr. Houghten stated that 
when an increased quantity of steam goes through a 
two-pipe riser, the capacity pressure drop relation- 
ship will reach a point where the capacity of the 
pipe will not increase even with a considerably higher 
pressure, and if the pressure increase be several 
times that necessary to get maximum capacity, con- 
densation will be forced into the riser or through a 
pitched pipe into the radiator. It was explained to 
Mr. Linn that with a considerable variation in the 
quantity of steam carried in the riser, no variation 
was apparent in the capacity of the branch. 

President Lewis announced. the appointment of a 
Committee on Resolutions with the following per- 
sonnel: W. H. Driscoll, Chairman, H. P. Gant and 
C. L. Riley. 


Report of Endowment Fund Committee 


The Secretary, A. V. Hutchinson, read the report 
of the Special Council Committee relating to a pro- 
posed Society Endowment Fund which had been pre- 
pared and sent out to all Society members prior to 
the Summer Meeting. 
; May 24th, 1929. 
TO THE MEMBERS 
OF THE AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS: 

At the Semi-Annual Meeting of the Society, June 
Bigwin Inn, Lake of Bays, Ontario, Canada, the report of a 
Special Committee of the Council, relating to the creation of 
a Society Endowment Fund, will be presented for the ap- 
proval of the A.S.H.V.E. members. 

The Committee, A. C. Willard, Chairman, John 
and W. T. Jones, was appointed by resolution of the Council 
March 8, 1929, and the Council received the report of the 
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Committee and approved it at the May 13, 1929 Meeting. 
The report of the Committee and the resolutions of the 
Council follow: 
THE 


order to 


SOCIETY ENDOWMENT FUND 
conserve certain specified profits accruing to the 


of its agreements and activities, it is proposed to 


(1) «In 


Society from certain 
Fund* to be administered solely by the 
Depository for the net profits from the agreement with 
Domestic dated January 10, 1929, such 


other balances, receipts, donations and bequests as may be received from 


establish a Society Endowment 
Council as a 
Engineering Publications and 
time to time and specifically designated by the Council of the Society to 
be paid into the Society Endowment Fund. 

(2) This Fund is to for all time a permanent endowment 
fund, only the income the Fund may be devoted to such 


activities, purposes or uses of the Society as the Council may approve by 


remain 


and from 


a favorable formal vote of not less ‘than three-quarters of the entire 
Council membership. 
(3) -The income from the Fund remitting from the agreement with 


Domestic, Engineering Publications, is to be restricted entirely to the 


research activities »f the Society and can be applied to no other purpose 
except by formal action of the Council in the manner already indicated 
in ‘paragraph (2). 

(4) This proposal is to be sent by mail before June 1, 1929, to the 
entire mémbership of the recommendation of the Council, 
and is to be voted on at the June 1929 meeting of the Society. 


April 30, 1929. 


Society as a 


Submitted by the 
CoMMITTEE ON- ENDOWMENT FuND 
John Howatt, 
W. T. Jones, 
A. C. Willard, Chairman. 
On motion of Mr. Langenberg, seconded by Mr. Carrier, 
it was 
VOTED: That the report of the special committee be 
accepted and that the Trustees to administer 
the fund be the President of the Society, the 
Treasurer and the the 
Committee. 
and it was further 
VOTED: That this 
Annual 


Chairman of Finance 


report be Semi- 


Council 


placed before the 

1929, with the 
ommendation of approval. 

THORNTON Lewis, 


Meeting, rec- 


A. V. HutTcHINson, 
President. Secretary. 

"This new fund is not to be confused in any way with the present 
Laboratory Endowment Fund, which 
distinct from the new Society Endowment Fund. 


Research is entirely 


Separate and 


President Lewis stated that the report was before 
the meeting for discussion and called attention to 
the action taken by the Council, 

Summarizing the points which had been considered 

by the Council, President Lewis stated that it was 
felt unwise to designate the income for use entirely 
for Research Laboratory activities and for that rea- 
son, it was thought desirable that an Endowment 
Fund be set-up leaving it to future Councils to 
appropriate the income for any purpose which might 
be desirable. While it is the Council's function to 
appropriate moneys belonging to the Society for any 
purpose, the members felt it advisable to get the 
advice of the Society to find out the wishes of the 
members. The Council will obtain legal advicé when 
it formally acts in this matter. 
_H. P. Gant, expressed the opinion that it was a 
lar sighted movement and believed that the Endow- 
ment Fund in times of stress, which had previously 
been experienced by the Society, would be of tre- 
mendous value. 

'’. W. Herendeen stated that he was not in agree- 
ment with the idea of tying up the principal but felt 
that the establishment of a fund to be governed and 
spent by the Council, would be a good thing. There- 
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fore, he felt, it would be wise for the members to 
consider the restriction stated in the resolution per- 
mitting the spending of only the income. 

N. B. Hubbard, Detroit, suggested that a clause 
be included authorizing the Council by a 100 per 
cent vote, to spend the principal in case of emergency. 

Homer Linn, Chicago, was of the opinion that be- 
quests received with the understanding that they 
would go into. the fund “for all time,” could not be 
spent on the basis of a vote by the Society or the 
Council. 

J. A. Donnelly, West Virginia, expressed the 
thought that it would be better to have the fund 
available for use with proper safeguards rather than 
have it tied up permanently. He suggested that a 
reasonable reserve fund be established and let the 
Council spend such money as comes to the Society 
as it may deem best. 

A member of the Committee, John Howatt, 
pointed out that the intent of the resolution was 
clear namely, that the income from the fund was to 
be used for research and that the moneys received 
by the Society be safeguarded so that the income be 
usable in a practical and satisfactory manner no mat- 
ter what the development in the field of heating and 
ventilating engineering might be. 

W. T. Jones, Boston, another the 
Special Committee expressed himself as in favor of 
the idea of a permanent fund, the interest to be used 
as the Council may direct. It has occurred to the 
Council and others that moneys accumulating can 
immediately be used to reduce dues but that would 
be a backward step, he thought. The starting of an 
endowment fund suggested as has been done by other 
organizations is a forward step and will be of great 
value to the Society at some future time. As a 
member of the Committee, he said that it would be 
interesting to have the point settled in reference to 
the permanency of the fund. 

W. H. Driscoll said that the resolution was laud- 
able in its purpose but it would be questionable for 
the Society to go on record in favor of the resolution 
as drawn or on a substitute resolution with any idea 
of summary action in disposing of the matter. The 
legal aspects of the problem should be seriously 
considered. He suggested that the matter of estab- 
lishing an endowment fund be referred back to the 
Council so that if in its wisdom and judgment the 
Council determines that it is advisable to establish 
a fund and have definite recommendations available 
for members prior to the Philadelphia Meeting and 
take action in January. 

This was made as a motion and seconded by John 
Cassell and unanimously passed. 

L. A. Harding, Buffalo, reported as Chairman of 
the Continuing Committee on Codes for Testing and 
Rating Steam Heating Solid Fuel Boilers and said 
that three definite items would be brought before the 
meeting. 

First the Committee requested approval of some 
slight changes in the A.S.H.V.E. Standard and Short 
Form Heat Balance Code for Testing Low Pres- 
sure Steam Heating Boilers, designated as Codes 1 
and 2. The changes recommended by the Commit- 


member of 
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tee were the definitions of the term “grate area” and 
of the factor of evaporation. 

Mr. Harding explained that, in view of the So- 
ciety’s expressed attitude relative to the rating of 
boilers on the basis of tests, it was necessary to have 
a satisfactory performance code and as the heat bal- 
anced codes are not well adapted for rating tests, a 
little different form designated as A.S.H.V.E. Per- 
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formance Code for Testing Solid Fuel Boilers (Code 
No. 3) was submitted. This Code he said is identical 
except in one or two minor cases with the Standard 
Boiler Code recently adopted by the National Boiler 
and Radiator Manufacturing Association, The reason 
for the slight changes made by the Society is to put 
this Code in conformity with the values used in the 
Code of Minimum Requirements for the Heating 
and Ventilation of Buildings, where the latent heat 
of evaporation is given as 971.7 as compared with 
the value used by the manufacturers of 970.4. 
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On motion of R. V. Frost, properly seconded, the 
revisions of Codes 1 and 2 were unanimously adopted 

Motion for the adoption of Code 3 was made and 
seconded and unanimously carried. 


Mr. Harding stated that the test codes were rather 
easy to handle, but the matter of the rating code was 
quite a different story and submitted a details report 
of the work of his Committee as follows: 


Report of A.S.H.& V.E. Continuing Committee 
Codes for Testing and Rating Steam 
Heating Solid Fuel Boilers 


HIS committee met in Buffalo May 4, 1929, to tabulate 

and discuss the replies received to the questionnaire pre- 
viously mailed to a list of boiler manufacturers and others 
interested in this matter. This questionnaire was printed in 
the April, 1929 issue of the JournaL of the A. S. H. V. E. 
Replies were received to the questionnaire from a large percent- 
age of the membership of the National Boiler and Radiator 
Manufacturers’ Association, some independent manufacturers of 
steel and cast iron heating boilers; also the following reply from 
the Boiler Output Committee of the Heating and Piping Con- 
tractors National Association: 

“Your letter of February 11, 1929, having reference to 
code adopted by the A. S. H. V. E., at their annual meeting 
in January this year and having further reference to ques- 
tionnaire prepared by a continuing committee charged with 
the duty of first determining the feasibility of applying this 
code in practice and looking for criticisms, opinions and 
suggestions from other interested associations. 

“Referring directly to the questionnaire prepared and reply- 
ing to No. 1 will say—Yes, but the condition of operation 
should be standardized. In addition the manufacturer should 
publish the following—kind of fuel and B.t.u. value, rate of 
combustion, firing period, attention period, flue gas tempera- 
ture, stack draft, over-all efficiency, dimension of chimney 
and available fuel charge. 

“In answering the first paragraph of question No. 2, we 
are in favor of a No. 1 rating with a complete performance 
chart. 

“The second paragraph of question No. 2 has our same 
answer, prefer complete performance chart. 

“Third paragraph of question No. 2—our answer is ‘No.’ 

“Answering the 4th paragraph of question No. 2—pub- 
lished rating tables should have no bearing on determining 
loads so far as boiler manufacturers are concerned. Com- 
plete performance chart should be furnished. 

“Fifth paragraph of question No. 2—our answer is com- 
plete performance chart to be furnished. 

“Third question first paragraph—our answer is ‘No.’ 

“Second paragraph of question No. 3—our answer is, that 
manufacturer should not employ any percentage in his pub- 
lished rating tables. 

“This same applies to paragraphs No, 
question No. 3. 

“Answering question No. 4—we prefer to see Boiler Out- 
put values stated in direct radiation based on 225 B.t.u. for 
steam and 150 B.t.u. for water radiation. 

“In answering question No. 5 including first and second para 
graphs, our answer is, that complete performance charts should 
be furnished, also actual grate dimension when measured by the 
Heating and Piping Contractors National Association's standard 
method, also outside dimensions of boiler, height of water 
line and depth of ash pit. 

“In answering question No. 6, our answer is, 
round boilers should be tested. Rectangular boilers, a su‘f- 


3 and No. 4 of 


that all 
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cient number in each series, should be tested so that a 
reasonably accurate performance chart can be determined for 
the complete series of boilers. 

“We regret that the answers to your questions did not 
receive earlier attention but it was entirely overlooked until 
a wire was received from our main office in New York. 

Yours very truly, 
HEATING AND PIPING CONTRACTORS 
NATIONAL ASSOCIATION 
Borter Outrit CoM MITTEE 
(Signed) Geo. M. Getschow, Chairman.” 


The members of the heating division of the American Boiler 
Manufacturers Association did not, except in one instance, favor 
the committee with any replies to the questionnaire. 

A summary of the replies received follows: 


1. All are agreed that manufacturer should guarantee the 
listed ratings of the boilers manufactured under conditions of 
operation he may state and dimensions of chimneys given 
by him: 

2. Several manufacturers apparently, favor a one number 
rating, one of which states that “it would be advisable to 
have a one number rating for price comparisons of boiler ca- 
pacities, other capacities with performance characteristics are 
desirable.” 

Many of the answers given to this question are in effect, 
“we do not favor ‘one number rating’ with this exception, 
that, considering conditions in the industry, and this is en- 
tirely a commercial reason, the one number rating would go 
to some length to insure uniform price.” 

3. The great majority of the replies received indicate that 
a. “multi-number rating” is favored. 

The Heating and Piping Contractors National Association 
express a preference for complete performance charts. 

4. Practically all prefer to state boiler outputs in both B.t.u. 
per hour and sq. ft. of equivalent direct radiation. 

5. The consensus of opinion in reference to the statement 
of conditions that should accompany rating tables are prac- 
tically uniform on the following items: 


(1) Combustion rate 

(2) Firing period, attention or fuel available in hours 
(3) Overall efficiency 

(4) Draft tension 

(5) Dimensions of chimney 

(6) Fuel (kind not stated) 12,500 B.t.u. per Ib. 

(7) Grate area and chimney dimensions to be given 

(8) The majority of the answers omit flue gas tempera- 


ture as a condition. 
deg. fahr, 


One suggests a limit of 800 


We believe that the thoughts of this committee and two 
associations previously mentioned, are apparently in harmony 
covering the principal features of a boiler rating code. 

lf a prospective purchaser is able to obtain from the litera- 
ture of the manufacturer in advance of the actual purchase, 
guaranteed definite information of what he may expect 
from the operation of the apparatus as to output, economy and 
attention under a specific set of conditions and over a reasonable 
range of operation, he will be provided with the necessary 
information required to select the size and apparatus to suit 
his particular condition and at the same time be able to pre- 
dict the operating economy with reasonable accuracy which 
he may later expect to obtain. 

This information can only be obtained through the medium 
of standardized boiler tests or trials. 

lt is obvious that no real progress could be expected in 
formulating a boiler rating code until a satisfactory boiler 
Pertormance testing code be devised to give the information 
sought. Such a code is now in satisfactory operation by a 
tunber of the boiler manufacturers. 

We believe the preceding paragraphs cover the principle 
involved on the subject of boiler rating. 
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The committee, after its meeting on May 4, formulated a 
tentative revision of the present A. S. H. V. E. Code for 
Rating Low Pressure Heating Boilers, which was mailed to 
the same manufacturers and organizations that received the 
questionnaire. The proposed revision was accompanied by a 
copy of the committee’s comments on the subject of boiler 
rating which follows: 


GENERAL 


A rating code for any type or kind of apparatus must of 
necessity include the following items: 
lst—The output. 
2nd—Specified conditions of operation for the output 
stated. 
3rd—The limits placed on the specified conditions. 

It is obviously necessary to standardize limits for some of 
the specified conditions, otherwise a rating code could not 
fulfill its function. 

Some of the limits to conditions are naturally now set by 
custom and usage or by ordinances or laws, designed to 
protect the health or safety of the community. 

For example: Custom and usage have decreed that the 
to steam 
shall be 2 lb. gage at the boiler for heating boilers, whereas, 
overall efficiency, draft tension, temperature of flue gas and 
difficult 
if not altogether impractical to assign definite limits in the 


conditions relative pressure for rating purposes 


rate of combustion are conditions over which it is 


present state of this art with the possible exception of flue 
gas temperature. This should naturally be limited to a maxi- 
mum value consistent with safety relative to fire hazard. 

Placing a minimum value limit on boiler efficiency covering 
the average load period of the heating season, would appear 
to be in line with a program of fuel conservation and prob- 
ably receive a welcome by prospective owners of heating 
boilers. 

Not the least item, however, in boiler economy is the man- 
ner in which the boiler is actually operated by the owner and 
over which the manufacturer has-no control, 

The manufacturer can and does produce boilers which give 
relative high efficiency when properly operated but who can 
set a minimum efficiency. limit that would produce the actual 
results that are apparently desirable. 

There are a number of terms employed in this art, the 
meaning of which is either vague, not clear or by no means 


standardized. We give below the definition of various terms 
as we understand them, 
Purchaser: 


Construed to mean the person responsible for the selection 
of the boiler. 

Equivalent Direct Radiation: 

The heat emission of 240 B, t. u. per hour per square foot 
of manufacturers rated swrface of direct steam radiation and 150 
B.t.u. per hour per square foot of manufacturers rated surface 
of direct hot water radiation. 

One Number Rating: 

A single rating stated for each boiler listed in a manufac- 
turer’s catalogue. 
Multi-Number Rating: 

Two or more ratings stated for each boiler listed in a 
manufacturer's catalogue. 
Heating Boiler Output: 

As defined by the proposed A. S. H. V. E. Performance 
Test Code for Steam Heating Solid Fuel Boilers. 

Boiler Efficiency: 

The overall efficiency of grate and boiler as defined by the 
proposed A. S. H. V. E. Performance Test Code for Steam 
Heating Solid Fuel Boilers. 

Estimated Maximum Load, Peak Load, Starting-Up Load: 

These terms are considered synonymous and construed to 
mean the load, stated either in B. t. u. per hour or equivalent 
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direct radiation that’ has been determined by the purchaser 
to be the greatest estimated output that the boiler will be 
called upon to carry in operation. We recommend the use 
of the term estimated maximum load in this connection. 

Net Load: 

This term now has various meanings, all the way from the 
load of the radiation in normal operation to the maximum 
load. We recommend that this term be dropped from heat- 
ing literature as serving no useful purpose. 
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Estimated Design Load: 

The load, stated in B. t. u. 
radiation, as estimated by the purchaser for the conditions 
of inside and outside temperature for which the amount of 
installed radiation was determined and is the sum of the heat 
emission of the radiation to be actually installed plus the 
allowance for the heat loss of the connecting piping plus the 
connected with the 


per hour or equivalent direct 


heat requirements for any apparatus 


system. 
Estimated Average Load: 

The estimated average load stated in B. t. u. 
equivalent direct radiation for the heating season and based 
on the average outside temperature during the heating season 


per hour or 


for the locality in question. 


Heating-Up Factor: 
The percentage added to the estimated design load in de- 
termining the estimated maximum load. 
Attention, Firing Period, Fuel Available in Hours: 
The burn available fuel 
I'uel available is defined in the proposed performance boiler test 
We recommend the discontinuance of the use of the terms 


hours required to one charge. 
code. 
attention and firing period. 


Load Rating Versus Output Rating: 

These terms are not synonymous as now employed by va- 
rious manufacturers. Some manufacturers prefer to include 
in their rating the allowance for the heat loss of connecting 
piping, or the heating-up factor or both, in either case the 
ratings stated are obviously not the boiler outputs required 
for either the estimated design load or the estimated maxi- 
mum load, but are evidently some lower figure. 

It does not appear to the committee that the boiler manu- 
facturer should assume the responsibility of guaranteeing a 
rating based on the use of some heating-up factor of which 
the purchaser has no definite knowledge. 

We believe the responsibility for the selection and appli- 
cation of a heating-up factor lies entirely with the purchaser 
just as much as it is his responsibility for determining the 
estimated design load. If he is capable of the latter he 
surely should be and is naturally capable of the former. 

If a manufacturer includes in his literature the necessary 
heat transmission data for calculating the estimated design 
load he might very properly include a table of heating-up 
factors. 

He does not guarantee the former so why should he guar- 
antee the latter. 

We do not see that the necessary process of selecting a 
boiler for a given load is in any way simplified by including 
in the published rating designation allowances for various 
items of estimated value. 

Boiler outputs are something quite tangible when deter- 
mined by. a uniform test code, whereas, boiler loads are only 
estimates. 

If all ratings stated in catalogues were boiler outputs as 
determined by the provisions of the test code, the boilers of 
various manufacturers would evidently be more easily com- 
pared, which overcomes one of the greatest objections fre- 
quently referred to as the existing confusion in boiler ratings. 

In the interest of uniformity in catalogue listing, this com- 
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mitteé recommends that all ratings be stated in terms of 
boiler outputs. The terms, boiler load rating and boiler out- 
put rating, would be synonymous and we see no reason for 
employing the term boiler load rating. 
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Range and Number of Boiler Outputs Desirable per Boiler: 

If the purchaser is to have any very definite idea of th: 
economy of the boiler he proposes to install he should nat 
urally be provided with the efficiency corresponding to the 
average output as determined by and equal to the estimated 
average load estimate. This is the lowest output that ther: 
would be any very good reason to list. 

The estimated average load in localities where heating is 
important is frequently assumed to be approximately 35 per 
cent of the estimated design load. 

If the heating-up factor is assumed as 65 per cent then th« 
“estimated maximum load” becomes 165 per cent of the esti- 
mated design load and the estimated average load is 21.2 
per cent of the “estimated maximum load.” 

It is recognized that these percentages are somewhat va- 
riable but it would appear reasonable to assume that the 
minimum output listed for a particular boiler should bear 
some relation to the maximum listed output and we suggest 
that approximately 20 to 25 per cent be employed in this 
connection. Thus, if 25 per cent was used the fuel available 
in hours for the minimum output would be 6.6 times that of 
the maximum output listed. 

It is recommended that at least five outputs be given with 
the corresponding conditions for each boiler listed in order 
that those who are interested in the use of boiler performance 
charts may have the desired information to plot such charts. 
This would require listing three outputs fairly equally spaced 
between the minimum and maximum. 


“Fuel Available in Hours” for Maximum Output: 

If 8 hours be considered a desirable time as set by custom 
and usage for the smaller size boilers to employ for the de- 
sign load, then on the basis of a 65 per cent heating-up factor 
the fuel available in hours for maximum output becomes 4.84 
hours. If 6 hours is satisfactory for the larger boilers to 
employ for the design load the fuel available in hours for 
maximum output becomes 3.7 hours. 

In the interest of uniformity in rating it would be well 
to place some limits on the fuel available in hours for 
the maximum outputs listed, although we have no recommenr- 


dations to’ make at this time. 


Flue Gas Temperature: 

It is coming to be more generally recognized that flue gas 
temperature is not a reliable indicator of efficiency and in many 
cases only remotely connected with efficiency. 

The information in reference to both the temperatures of 
flue gas and draft tension is, we believe necessary, particu- 
larly for boilers of the larger size. 

The purchaser must have this information if he is to be 
able to perform the necessary calculations in determining 
satisfactory Chimney or stack dimensions. 

This is more particularly true for boiler installations serv- 
ing high buildings. 

If only draft tension is stated the purchaser is left to make 
his own estimate as to stack temperature. The manufacturer 
should be as much concerned in the satisfactory operation of 
the installation as the purchaser and this is hardly possible 


ie 


t 
t 


unless a proper size chimney or stack is provided by 
purchaser. 


Boiler Test Codes: 

It is proposed to recommend perhaps several minor changes 
in several items of the A. S. H. V. E. Code for Testing Low 
Pressure Steam Heating Solid Fuel Boilers. 

We also propose to recommend to the Society the adoption 
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of the test code now employed by the National Boiler and Radia- 
tor Manufacturers Association and to be designated as the 
A. S. H. V. E. Performance Test Code for Steam Heating Solid 
Fuel Boilers. 

This Committee met with representatives from the American 
Boiler Manufacturers Association and the National Boiler and 
Radiator Manufacturers Association in Buffalo, June 20, 1929 
for the purpose of discussing the proposed revision of the 
present A. S. H. & V. E. Code for Rating Low-Pressure Heat- 
ing Boilers. 

As a result of this conference your Committee and the repre- 
sentatives from the National Boiler and Radiator Manufacturers 
Association agreed upon the following draft of a rating code. 
The representatives present at this meeting from the American 
Boiler Manufacturers Association did not agree with this code. 
Their views on the question of rating heating boilers are ex- 
pressed by the letter which follows: 

We, the undersigned manufacturers of low pressure steel 
heating boilers, representing approximately 95 per cent of 
the total steel heating boiler industry, object to the Code 
for rating low pressure heating boilers as proposed by your 
Committee, dated May 17, 1929. The objections are based 
on the following reasons: 

1. The selection of boilers as based on the maximum 
capacity, would result in smaller steel boilers being used 
on a specific job as compared to present practice, with a 
consequent lowering of operating efficiency. 

This Code specifies minimum requirements, and it has 
been experienced that in similar Codes, where minimum re- 
quirements are given, minimum requirements are used. 

The present practice in selecting steel boilers gives a 


uniformly higher reserve capacity than as proposed by the 
Code. 

2. The proposed Code does not consider heating sur- 
face, which is a prime essential in determining boiler 
capacity or ratings, and on which basis steel heating boilers 
have been rated and satisfactorily selected for a great num- 
ber of years. 

3. We object to the use of a multi-rating, as it would 
tend to cause confusion in an industry that has used but 
a single rating satisfactorily for a number of years. 


For TestinG AND RatinG Steam HeatineG Souw Fue Borer 

4. We object to the use of anthracite fuel only as a 
basis for determining rating. 

Our recommendations regarding the selection and rating 
of heating boilers are based on a practice which has proven 
to be satisfactory to both Manufacturer and User through- 
out the entire life of the steel heating boiler industry, 
and are as follows: 

(1) The published boiler rating shall correspond to 
the “estimated design load” as defined in Section 5 of 
the Cope oF MintmuM REQUIREMENTS, being the sum 
of Items A, B and C in Paragraph 1. 

(2) The published boiler rating shall be determined 
by the amount of heating surface and grate area. 

We are prepared to furnish your Committee with exact 
information as to minimum ratios of rating to heating sur- 
face and heating surface to grate area to be employed in 
determining the rating for heating boilers. 

Yours truly, 
TiTusvILLE Iron Works Co. 
Firzcipsons Borcer Co., Inc. 


KewANEE Borcer Corp. 
Paciric Stee. Borer Corp. 
Heccrr-Simpcex Borer Co. Ames Iron Works 
Ou Crry Borer Works THE Browne t Co. 
INTERNATIONAL BorteR Works Erte City Iron Works 

Co, 

Your Committee feels that they have secured the support of a 
large percentage of the manufacturers of heating boilers and 
submits the following revision of the present boiler rating code 
for your consideration. 
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Proposed Revision of January, 1929 A.S.H.V.E. 
Code for Rating Steam Heating 
Solid Fuel Boilers 
(1) PURPOSE 


The purpose of this Code is to standardize the method to 
be employed and followed by any person, partnership, firm, 
corporation or association, who may desire to make use of, 
“The 
rating of the boilers herein listed are in accordance with the 
provisions of the A. S. H. V. E. Code 
Steam Heating Boilers Burning Solid Fuel.” 


(2) RATING DESIGNATION 


It is understood that all ratings stated are boiler outputs 


or employ for any purpose whatsoever the statement. 


(year) for Rating 


for the corresponding boiler designation as were determined 
and defined by the provisions of the “A. S. H. V. E. Per- 
formance Test Code for Steam Heating Solid Fuel Boilers 
the forth 
under paragraph 4 and accompanying the ratings. 


(year)” and as governed by conditions as set 

The output for each boiler shall be stated in thousands of 
B.t.u. per hour and also in sq. ft. of equivalent direct radia- 
tion. It shall be optional to state, in addition to the two 


methods indicated, the output in lb. of steam per hour. 


(3) RANGE OF OUTPUTS FOR EACH BOILER 
LISTED 


There shall be stated a minimum number of five boiler out- 
puts for each boiler listed. The outputs shall have a range 
from maximum output to approximately 35 per cent of the 
maximum output and the intermediate outputs given are to 
be approximately equally spaced between the minimum and 
maximum outputs. 


(4) LIST OF CONDITIONS, STATEMENTS OF 
LIMITING CONDITIONS AND MANUFAC- 
TURER’S GUARANTEE 


There shall be stated under each output listed the numerical 
values for each of the following five items: 


1. Fuel available in hours. 


2. Combustion rate lb. per hr. per sq. ft. of grate surface. 
3. Overall efficiency per cent. 

4. Average draft tension, inches water. 

5. Interior dimensions of chimney and height. 

The following statements shall be included under each 


table of rating. 

“The priming for any output listed above does not exceed two 
(2) per cent.” 
For Anthracite Fuel 

“The ratings are based on a steam pressure of 2 lb. gage 
at the boiler and anthracite coal stove size, having a calorific 
value of 12,500 B. t. u. per Ib. on a moisture free basis.” 


For Bituminous Fuel 

“The ratings listed are based on a steam pressure of 2 Ib. 
gage at the boiler and Bituminous Coal 3 in. by 2 in. size, 
having a calorific value of 13,000 B. t. u. per lb. sulphur con- 
tent not exceeding 2 per cent and volatile content of not less 
than 30 per cent on a moisture free basis.” 


For Coke Fuel 

“The ratings listed are based on a steam pressure of 2 Ib. 
gage at the boiler and by-product or gas coke of commercial 
size best suited to the boiler.” 

“The 
should be satisfactory when properly constructed and having 
no other opening except for the purpose of the 
boiler and when free from the effect of adverse air currents. 


inside dimensions and height of chimneys listed 


serving 


Allowance should be made for any other chimney openings, 
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elbows in the smoke flue or breeching and for extra long 
smoke flue or breeching.” 


(5) TABLE OF DIMENSIONS 


A comprehensive table of dimensions of the boilers listed 
shall be included in the same bulletin or catalogue with the 
ratings. This table shall include the number and pipe size 
of steam and return connections and location, smoke flue 
dimensions and height above floor line, grate area and height 
of boiler water line and such other dimensions as may be 
required for properly indicating the boiler to scale on a set 
of complete heating installation plans. 


(6) DEFINITIONS 
Purchaser: 

Construed to mean the person responsible for the selection 
of the boiler. 
Manufacturer: 

The individual, firm or corporation who manufactures the 
boilers for which corresponding ratings are listed. 
Boiler Output: 

As defined by the proposed A. S. H. V. E. Performance 
Test Code for Steam Heating Solid Fuel Boilers. 
Estimated Maximum Load: 

Construed to mean the load stated in B. t. u. per hour or 
equivalent direct radiation that has been estimated by the 
purchaser to be the greatest or maximum load that the boiler 
will be called upon to carry. 

Equivalent Direct Radiation: 

Construed to mean the heat emission of 240 B. t. u. per 
sq. ft. of manufacturer’s rated surface of direct steam radia- 
tion and 150 B. t. u. per hour per sq. ft. of manufacturer’s 
rated surface of direct hot water radiation. 

Grate Area: 

As defined by the A. S. H. V. E. Code for Testing Low 
Pressure Steam Heating Solid Fuel Boilers. 

Fuel Available in Hours: 

Construed to mean the hours required to burn one avail- 
able fuel charge. The available fuel is defined by the pro- 
posed A. S. H. V. E. Performance Test Code for Steam 
Heating Solid Fuel Boilers. 

Overall Efficiency: 

As defined by the proposed A. S. H. V. E. 
Test Code for Steam Heating Solid Fuel Boilers. 
Priming: 

The amount of free moisture carried by the dry saturated 
steam vapor delivered by the boiler stated as a percentage of 
the total weight of the sum of the dry saturated steam plus 


Performance 


the free moisture delivered. 
Signed : 
L. A. Harding, Chairman 
R. V. Frost F. C. Houghten 
A. S. H. V. E. Continuing Committee Codes for Testing 
and Rating Steam Heating Solid Fuel Boilers 


In summarizing the results of the Committee’s 
work, Mr. Harding stated that the proposed revi- 
sion of the January 1929 A. S. H. V. E. Code for 
Rating Steam Heating Solid Fuel Boilers simply re- 
quires a complete picture of boiler performance on 
the basis of output rating and from the data derived, 
the purchaser can draw his own performance curves, 
calculate his loss from the structure and apply his 
own heating-up factor. The Committee does not 
bring this report for approval or adoption but merely 
for discussion, he said. 

Professor Kratz, Urbana, felt that a complete pic- 
ture of boiler performance could not be obtained 
without including flue gas temperature. 
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J. F. McIntire, Detroit, suggested that the nam 
of the Code be changed from rating to output cod 
and added that a report of the Committee be received 
and that further recommendations be made at th« 
Annual Meeting in January. The motion wa 
seconded and unanimously carried. 


Third Session—Friday, June 28, 9:30 a. m. 


The third session opened with the presentation 
of the paper entitled Determining the Quantity oi 
Dust in Air by Impingement by F. B. Rowley and 
John Beal, which was published in the July 1929 
JouRNAL, page 233. Professor Rowley presented the 
paper in abstract and P. D. Close read several 
written discussions. 

Margaret Ingels, New York, expressed the opinion 
that the dust determining instrument should take 
into account all of the dust in the air sampled, that 
is, all of the particles, fumes and smoke it is possible 
to remove with the best of present materials and 
knowledge at hand. A written discussion by Kim- 
ball and Hand presented comparative data on dust 
counts by the Hill and Owens instruments, and stated 
that a greater degree of accuracy was apparently 
possible with the more costly Owens device and that 
inasmuch as it appears that accuracy has been 
sacrificed in the construction of the Hill Dust counter 
for cheapness of construction, experienced hands 
were necessary in the use of the latter device to 
obtain satisfactory results. 

E. C. Evans, Pittsburgh, asked if there was any 
limiting size mesh or size of dirt which would permit 
a definite statement of filter efficiency. Homer Linn, 
Chicago, inquired about the effect of the volume of 
the test chambers on the dust count. In answer to 
these questions, Professor Rowley stated that in- 
vestigations made so far indicate that there is a 
practical limit at which the dust count will give 
relative values and that standards have been estab- 
lished for definite classes of filter work. 

The next speaker was P. D. Close, who presented 
his paper entitled Five Suggested Methods of Ap- 
praising Insulations, published in the July 1929 Jour- 
NAL, p. 245. 

Written discussions by H. J. Schweim, Chicago, 
H. B. Lindsay, Chicago and P. D. Codwise, Buffalo, 
were submitted. 

Mr. Schweim expressed the opinion that a method 
of comparing insulations is needed, but contended 
that such a method should be based on overall trans- 
missions through the completed wall. In speaking 
for Mr. Lindsay, G. T. Pearce, Chicago, pointed out 
that in undertaking a classification of insulating ma- 
terials, we are contending with a number of varying 
conditions, and that the method of proceeding is by 
careful and competent tests under actual conditions 
of use, as far as that is practicable. 

Mr. Lindsay was favorably impressed with the 
idea of a method of appraising insulations, and was 
particularly concerned over the matter of the many 
unwarranted insulation claims being made. The 
contribution of P. W. Codwise concurred with the 
opinion expressed in the paper that conductivity fig- 
ures alone do not tell the entire story about the 
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efficiency of insulating materials. He pointed out 
that greater emphasis should be given to overall 
transmission figures, 


J. H. Bracken, Chicago, contended that the diffi- 
culties described in the paper are sales difficulties, 
and argued for the sufficiency of the hot plate method 
of testing as a basis for solving the problems in- 
volved. Mr. Bracken opposed the paper on the 
ground that it tends to aggravate the malady it aims 
to cure, and lamented the fact that various materials 
had been given different classifications, even if only 
to show the principle involved, because such classi- 
fications, be believed, will be immediately construed 
by many people as standards, and may result in a 
certain amount of injustice to some manufacturers. 


J. D. Cassell, speaking as a purchaser of insulation, 
did not think it was the function of the Society to 
go into the testing of materials in a building. 


Prof. F. B. Rowley, Minneapolis, pointed out that 
the confusion now existing with respect to rating 
insulations is due largely to the fact that the heat 
transfer through materials is given on the basis of 
an inch of thickness, whereas they are sold or in- 
stalled in different thicknesses. Professor Rowley 
suggested the possibility of rating insulations ac- 
cording to the conductance or resistance of the 
thickness installed or manufactured similar to the 
second suggested method of the paper. 


Homer Linn, Chicago, expressed thanks to the 
author of the paper for starting this discussion, even 
though no definite conclusions are reached. He took 
exception to the claims of certain manufacturers con- 
cerning the insulating qualities of their materials, 
when such claims do not seem to be well founded. 

The opinion was expressed by Prof. A. P. Kratz, 
Urbana, Illinois, that the whole matter is more or 
less one of sales psychology, and that the engineer 
is really not actually concerned with the rating of 
insulations since, if he has the fundamental con- 
stants, he can make his calculations and base his 
conclusions on whatever the results of his calcula- 
tions may be, 

J. G. Shodron, Ft. Atkinson, Wisconsin, brought 
up the question of infiltration through various in- 
sulating materials, and wanted to know how impor- 
tant this item is so far as the rating of materials is 
concerned. In answer to this question, Mr. Close 
Stated that although the infiltration through some 
materials was a great deal more than through others, 
due to the difference in porosity, this item was re- 
duced to a negligible quantity when the material is 
installed in a wall with other materials, particularly 
when the wall is plastered. In this connection Mr. 
Pearce pointed out that it is the practice of his 
organization in refrigeration work to insist upon air- 
tight and moisture-proof construction im order to 
obtain the maximum possible efficiency of the in- 
Sulation. 

L. A. Harding, Buffalo, was of the opinion that it 
would not be practical to attempt to rate insulations 
by taking into consideration every conceivable factor 
which might enter into the problem, particularly if 
the labor element, which varies tremendously, is 
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one of these factors. Mr. Harding was doubtful as 
to the necessity for a method of classifying insula- 
tions. 

In reply to the discussions, Mr. Close stated that 
as had been anticipated, the subject apparently re- 
solved itself into two divisions, those who are in 
favor of a method of rating or classifying insulations, 
and those who are opposed to the idea. He agreed 
with Messrs. Harding and Lewis that if the attempt 
were made to take every conceivable factor, par- 
ticularly labor costs, into consideration, the problem 
becomes hopelessly complicated. It was stated that 
from the purely engineering standpoint, costs would 
not be a factor, but that costs would of necessity 
require consideration in the selection of materials. 

In answer to Mr. Schweim’s statement that the 
average person would not know what was meant 
by unit of resistance used in the fourth suggested 
method, it was pointed out that this argument applies 
equally to all of the phraseology used in connec- 
tion with the technical phases of insulation. Re- 
ferring to Mr. Bracken’s analogy in which he claimed 
that insulations can no more be rated on a rational 
basis than can wearing apparel, Mr. Close pointed 
out that although there are certain commodities that 
are of such a character that they cannot be properly 
rated or classified, there are others which are of a 
sufficiently tangible nature that they can be readily 
rated, and in fact, this is now being done in many 
different ways in this Society and in other organiza- 
tions. 

Announcements were made by R. C. Bolsinger, 
Acting Chairman of the Nominating Committee, and 
E. C. Evans, Secretary of the Committee, concerning 
the recommendation of candidates for office in 1930. 

The next paper presented was that entitled, ‘Time 
Lag as a Factor in Heating Engineering Practice by 
James Govan after a few preliminary remarks. (Pub- 
lished in July Journat, p. 239.) Mr. Arkley of On- 
tario, in discussing this paper, stated that in his 
opinion Mr. Govan’s suggestion concerning the stat- 
ing of resistance in terms of hours instead of de- 
grees, was well taken. He also stated that it was 
his opinion it would be some time before buildings 
would be built with walls having a resistance factor 
of from eighteen to twenty hours. 

S. R. Lewis endorsed the paper and expressed his 
appreciation for the constructive criticism of Tue Guipe 
by Mr, Govan. Mr. Lewis related to certain expe- 
riences with warehouses he had had, which were 
similar to those outlined by Mr. Govan, in which 
the heating plant was more than sufficient to take 
care of the requirements of the building. 

R. C. Bolsinger, Philadelphia, asked if the same 
conditions existed when steam was used for heating 
the buildings as when hot water was used, to which 
Mr. Govan replied that he had had no experience on 
this subject with steam heating systems. 

Champlain L. Riley, New York, stated that in his 
opinion the introduction in buildings of air cooling 
systems will force consideration of the factors of 
which Mr. Govan spoke. He thought that when 
refrigeration becomes more commonly used in the 
summer, the engineer will take the entire design in 
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hand and will provide buildings which will retard 
the passage of heat through the walls to the proper 
degree in the winter time, and hold the cold satisfac- 
torily in the summer. 

Mr. Pearce, Chicago, favored the idea, suggested 
by Mr. Govan, of taking the mystery out of the sub- 
ject of insulation by changing the phraseology. 

F. E, Giesecke, College Station, Texas, was of the 
opinion that the paper was a valuable contribution, 
and stated that it had given him an entirely new 
idea of the subject. S. R. Lewis called attention to 
the fact that statistics developed during the war in- 
dicated that about twice as much coal per square foot 
of radiation is burned in Texas as in northern Minne- 
sota, indicating that as climatic conditions become 
more severe, the tendency is to increase the amount 
of heat resistance of buildings correspondingly, 

The question of over-radiating the buildings de- 
scribed by Mr. Govan was brought up by L. A. Hard- 
ing, who asked if the infiltration was calculated on 
the basis of leakage of periphery of the sash or on 
air change basis. Mr. Govan replied that on account 
of the fact that the windows used were of a special 
nature, and that consequently no infiltration data 
was given in THe Guipe, the air change method was 
used. Mr. Govan further stated that the calculations 
had been checked by a member of the council, and 
that if anything, the infiltration requirements were 
underestimated. 

Mr. Harding pointed out that it is quite possible 
to greatly overestimate the radiation requirements 
of a building by using the air change method instead 
of the infiltration per foot of sash method. To offset 
the suggestion that the apparent overradiating of 
the building was due to infiltration calculations, Mr. 
Govan stated that considerable difficulty was expe- 
rienced in keeping the windows closed even during 
extremely cold weather. Mr. Harding asked Mr. 
Govan if in his opinion the difference in the actual 
incorrect trans- 
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and theoretical results was due to 
mission coefficients in THe Gurpe, to which’ Mr. Govan 
replied that in his opinion Tue Gurpe coefficients are 
correct, but that the assumption as to outside tem- 
peratures was in error on account of the fact that the 
heat capacity of the building will in most cases 
bridge over daily fluctuations in temperature. 

The paper entitled Overall Transmission Co- 
efficients Obtained by Test and by Calculation by 
Rowley, Algrin and Blackshaw, was submitted by 
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Professor Rowley. (Paper published May Journat, 
p. 49.) In a written discussion of this paper, H. S. 
Ashenhurst, Chicago, emphasized the importance of 
proper construction, and stated that in his opinion 
the Society could do no greater work for the small 
house owner than to make it its business to see that 
insulation is properly installed to secure maximum 
results. A written discussion was also submitted by 
C. K. Swift, Camden, N. J., who stated that this 
paper has definitely settled the long disputed ques- 
tion as to the accuracy of calculated heat transmis- 
sion coefficients. Mr. Swift questioned the advis- 
ability of carrying calculations for heat transmission 
coefficients beyond significant figures. 

In discussing this paper, F. C. Houghten stated 
that in his opinion it fills a very important gap in 
our understanding of heat transmission through 
building construction, because it proves conclusively 
that overall transmission coefficients can be com- 
puted with accuracy. This, he stated, is a 
important factor when it is considered, that because 
of the infinite number of combinations of materials 
possible, transmission coefficients by test are not 


very 


practical. 

It was the opinion of Professor Kratz that one of 
the most important facts brought out by this paper 
is that the engineer's calculations can be nullified by 
improper construction, and that more attention must 
be paid to proper construction and supervision. Pro- 
fessor Kratz called attention to the possibility of 
using inside surface temperatures of walls as a 
means of evaluating them. Professor Rowley closed 
the discussion by stating that he hoped that the 
method of checking the walls after they are installed, 
suggested by Professor Kratz, could be developed 

The report of the Committee on the Code for Heat- 
ing and Ventilating Garages (Published in May 1929 
JourNAL, p. 63) was submitted by W. H. Carrier, 
a member of the Committee, in the absence of E. 4. 
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Campbell, Kansas City, chairman, who was injured 
in an automobile accident enroute to the convention. 

A written discussion of this report submitted by 
|. M. Frank, Chicago, suggested that phase protect- 
ing devices be furnished by the owner or wiring con- 
tractor and not by the motor or fan manufacturer. 
He also asked that the expression non-sparking be 
clarified. Mr. Frank stated that in the code the 
statement is not clear regarding the continuance of 
ventilation of pits by a system independent of the 
main garage ventilating system. Upon motion by 
W. T. Jones, the report was unanimously accepted 
and adopted as a code of the Society. 

The following resolutions submitted by W. H. 
Driscoll, Chairman of the Resolutions Committee, 
were unanimously adopted: 

Resolved, that the congratulations of this Society 
be extended to the members of the Ontario Chapter, 
for the thoroughness with which they have attended 
to the many details necessary to the carrying out of 
a meeting with such a high measure of success as 
has attended their efforts here; and be it further 

Resolved, that the thanks of the Society be con- 
veyed to the Ontario members for providing a meet- 
ing place so unique and so delightful, and for a pro- 
gram of entertainment and sports that has so hap- 
pily provided for the pleasure of every visiting mem- 
ber and guest. 

Resolved, that this Society express its apprecia- 
tion to the charming women of Ontario who served 
so splendidly as members of the Ladies’ Committee, 
and whose presence helped make this meeting the 
great success that it is; and that the Society express 
its regrets that Mrs. Arthur S, Lietch, the Convener 
of the Ladies’ Committee should have been unable to 
be with us because of the sudden illness of her daugh- 
ter, and express its hope for the speedy recovery of 
the young lady. 

Resolved, that it is the sense of this meeting that 
the Ontario Chapter could have made no better selec- 
tion for the place of this meeting than Bigwin Inn; 
and that we express our appreciation to the manage- 
ment and staff of the Inn, who, confronted with the 
unusual situation of having to open up in advance 
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of the regular season, for our accommodation, have 
met our needs so skillfully and satisfactorily. 
Resolved, that by popular acclamation this gather- 
ing place itself on record expressing its admiration 
for the amazing skill exhibited by the Skipper of 
the Toonerville Trolley in conveying such a large 
number of our members and guests in perfect safety 
the and tortuous the 


Portage. 


over hazardous passage of 


Report of Exposition Committee 


To THE COUNCIL, 

AMERICAN Society oF HEATING & VENTILATING ENGrs., 
the 
tilating Exposition wishes to report that under the able man- 


Your Committee on International Heating and Ven- 


agement of the International Exposition Co., plans for the 


International Heating and Ventilating Exposition are pro- 


gressing rapidly, and this exposition should prove highly 
successful from every standpoint. 

Definite arrangements have been made to hold the ex 
position in the Commercial Museum, in Philadelphia, from 
January 27 to 31, 1930, inclusive. 

The Commercial Museum is admirably fitted for the 


holding of such an exposition, as all exhibits will be on one 
floor, which contains approximately 100,000 sq. ft. of space. 

To date, definite contracts have been signed with 120 ex 
hibitors and the space so taken represents approximately 40 
per cent of the total space available. 

With the exposition. still six months in the future, it is 
believed that no difficulty will be experienced in contracting 
that 
represented at 


phase of 
this 


and it is further believed every 


ventilating 


for space, 


heating and industry will be 
exposition. 

Great care has been exercised by your Committee and the 
International Co., to 


whose products do not directly bear on heating and ven- 


Exposition eliminate all companies 
tilating work. 

The members of the Society can do much toward making 
this exposition a definite success, by urging heating and 
ventilating manufacturers to use space and exhibit their prod- 
ucts. 

Respectfully submitted by Apvisory CoMMITTEE oF INTERNA- 
TIONAL HEATING & VENTILATING EXPOSITION. 

June 28, 1929: H. P. Gant, Chairman 


After a few appropriate remarks by °Chairman 
Lewis, the third and final session adjourned. 


Entertainment and Sports at Bigwin 


VERY possible wish of the 380 people who attend 

the Society’s Meeting at Bigwin Inn, had been 

anticipated by M. Barry Watson, General Chair 
man and his aids from the Ontario Chapter. Motorists had 
been furnished with full touring directions and at the 
entrance to the City of Toronto, Chapter representa- 
tives were stationed to direct the visitors along the 
posted streets to the King Edward Hotel, where 
registration headquarters and reception rooms had 
been established. For those who came to Toronto 
Ly train, Chapter representatives from M. F. Thomas’ 
Reception Committee met them at the Union Station 
Where a registraticn desk had been placed to give 


complete information about the remainder of the 
trip 
Che travelers from various cities, coming by train, 


joined at Toronto, and at noon boarded a special 
train on the Canadian National Railways for the trip 
to Bigwin Inn via Huntsville. This special was an 
eight-car train with two dining cars in which a 
special luncheon was served. 

On the way to Huntsville, the Ontario Chapter and 
hotel representatives passed out the special conven- 
tion badges and assigned hotel rooms so that there 
would be no delay in registering and getting settled 
at Bigwin. 

Upon arrival in Huntsville, a crowd of 12) boarded 
a lake steamer which brought them to the Portage 
where they enjoyed the experience of riding on a 
narrow gage railway to the Lake-of-Bays, where 
another boat brought them to the dock at Bigwin. 

When this crowd arrived and joined those who 

















had come by motor via Norway Point, the population 
at Bigwin Inn, had been increased by over 300. The 
visitors with appetites sharpened by their long ride 
made a rapid foray on the dining room located at the 
lake side. 

After dinner the crowd assembled in the rotunda 
where M. Barry Watson, chairman of the Committee 
on Arrangements for the Ontario Chapter welcomed 
them to Canada and introduced.A, S. Leitch, chair- 
man of the Entertainment Committee who in turn 
presented the members of his Committee in charge 
of the various events such as golf, tennis, swimming, 
lawn bowling, etc. 

Mrs. Thornton Lewis, wife of President of the 
Society and Mrs. M. Barry Watson, wife of the Presi- 
dent of the Ontario Chapter were the recipients of 
baskets of beautiful flowers. Following the intro- 
duction of the committee members, everybody went 
to the pavilion where an informal dance was enjoyed. 

On Wednesday during the technical session, the 
ladies walked around Bigwin Island and climbed to 
the observation tower located at the highest point 
on the island where they could get a splendid view 
of the surrounding country and the many coves and 
indentations which are characteristic of the Lake-of- 
Bays. 


A Group or MEMBERS AND GUESTS AT BIGWIN 
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In the afternoon a steamer left Bigwin Inn dock 
and a three hour sail acquainted them with much of 
the beauty which makes the Lake-of-Bays so fascin- 
ating as a summer resort. 

While the ladies were enjoying their lake trip, the 
men played a qualifying round in preparation for 
the Research Cup tournament which was held on 
Thursday afternoon. In this Tournament of Lost 
Balls, despite such hazards as water, forest lined 
fairways and mental handicaps some good scores 
were turned in. The weather was under good con- 
trol so that members had two perfect days for golf. 

On Thursday in the Research Cup tournament, 
L. J. Pitcher, Chicago, captured the cup for the 
second consecutive year. The golfers were divided 
into three classes, A and B with handicaps from 
0-17, Class C 18-24 and Class D 25-30. Par for the 
course was 66 and the low net score in the A and B 
Class was made by L. J. Pitcher with John Howatt, 
runner-up. The low gross score was made by A. B. 
Darling, Montreal. In Class C, L. K. Berman, New 
York had the low gross score and H. G. Thomas, 
Chicago had the low net score, in Class D, C. V. 
Haynes, Philadelphia, had low gross score and A. B. 
Knight, Detroit, had low net score. 

In the ladies golf tournament held on Thursday 
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morning, Mrs. F. A. Kitchen, Kansas City, had the 
low gross score, Mrs. Gurney, and Mrs. Beatty, both 
of Toronto, tied for low net score. 

The Semi-Annual Banquet was held in the main 
dining room on Wednesday evening, June 26, and a 
special menu was served. During the courses, the 
Bigwin Inn orchestra entertained with musical and 
yocal selections, 

M. Barry Watson acted as toastmaster and toasts 
were made to the King and to the United States 
The entire assembly sang the first verse of the 
British National Anthem and the first verse of 
America. 

A brief talk was made by Pres. Thornton Lewis 
of the Society and Vice-President L. A. Harding 
entertained the gathering with a few remarks on 
“research.” 


W. H. Driscoll presented the following resolution 
which was unanimously adopted : 

WHEREAS: Tue AMERICAN Society OF HEATING AND 
VENTILATING ENGINEERS is assembled in its 35th Semi-An- 
nual Meeting, and 

WHEREAS: For the first time in its history, the Society” is 
meeting outside the limits of the United States, and 

WHEREAS: This most successful and delightful event is 
being held under the auspices of the Ontario Chapter and within 
the confines of the British Empire; therefore, 

BE IT RESOLVED: That the greetings of this Society be 
extended to the members of the Institution of Heating and 
Ventilating Engineers of Great Britain; and 

BE IT FURTHER RESOLVED: That as an additional 
mark of our esteem these Greetings be personally conveyed and 
delivered to the President of the British Institution of Heating 
and Ventilating Engineers by the President of this Society, Mr. 
Thornton Lewis. 

The address of the evening was given by Brig. 
General C. H. Mitchell, dean of the Faculty of Ap- 
plied Science and Engineering of the University of 
Toronto. 

At the conclusion of General Mitchell’s talk 
the members and guests enjoyed an hour of dancing 
in the pavilion. 

One of the high points in the entertainment 
arranged for by the Ontario Chapter members was 
the theatrical entertainment and masquerade which 
was held in the pavilion on Thursday evening at 
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8:30. An “international” polo match between the 
Canadians and the Americans was greatly enjoyed. 
The dashing of steeds and the clash of sticks made 
it a most exciting event. A chariot race was greatly 
enjoyed and the introduction of the world’s strong- 
est man and others of unusual physical and mental 
attainments brought great applause from the au- 
dience. A grand march in the pavilion was held and 
those that were masked and wore unusual costumes 
passed before the judges and were awarded suitable 
prizes. The most original ladies costume was worn 
by Mrs. Wm. G. Boales of Detroit and the most 
original man’s costume disclosed John F. Hale, of 
Chicago. The best costume for lady and gentleman 
were worn by Mrs. Holt Gurney of Toronto and 
M. Barry Watson of Toronto. Another costume of 
unusual merit was that of Dean F. Paul Anderson, 
Lexington, Ky., who portrayed George McManus’ 
famous character, Jiggs. 

In the tennis tournaments conducted under the 
direction of G. A. Playfair, the ladies singles tourna- 
ment was won by Mrs. W. T. VanAllen, Pittsburgh 
and second place was taken by Mrs. A. A. Fitzgerald, 
Penetanguishene, Ont., while first place in the men’s 
singles went to T. A. Worthington, Toronto, second 
place to L. E. Stiles, Brooklyn, N. Y. The mixed 
doubles event was won by Mr. and Mrs. T. J. Duf- 
field, New York. 

The best lawnbowlers in the ladies tournament 
were Mrs. J. J. MacKenzie, Toronto and Mrs. War- 
ren Webster, Jr., Camden, N. J. 

On Thursday afternoon the ladies enjoyed a bridge 
and tea on the balcony of the rotunda and there 
were 19 tables with a suitable prize for each table. 

Other games and sports that were enjoyed were 
badminton, swimming, sailing and motor boating. 
M. C. Barnum, Newark, N. J. and H. F. Horton, 
Chicago, found sailing a pleasant pastime and S. R. 
Lewis, Chicago, took time enough from his official 
duties to handle a tiller. Mrs. L. A. Harding and 
Mrs. C. V. Haynes received some thrills in driving 
speedboats, while Warren Webster, Jr. and R. T. 
Coe discovered that there were fish in the Lake-of- 
Bays. 

With the variety of things to do and the many 
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places to go, the hours not devoted to technical ses- 
sions and committee meetings were well filled. 

The Semi-Annual Meeting 1929 was one of the 
largest ever held by the Society and the Ontario 
Chapter members and committees were greatly 
pleased that the members who attended, found the 
meeting so enjoyable. 

Word of an unfortunate accident came in a mes- 
sage from Kalamazoo, Mich., telling of the injury 
of E. K. Campbell, Kansas City in an automobile 
crash while driving to Bigwin Inn. A message from 
the Society sent to him at the hospital expressed the 
sorrow of the members for his misfortune and hoped 
for his speedy recovery. 

Because of the sudden illness of her daughter, a 
few days before the meeting started Mrs. A. S. 
Leitch, chairman of the Ladies Committee for the 
Ontario Chapter was prevented from attending 

Due to the absence of A. J. Dickey in Europe tlc 
financial details of the meeting were handled by 
M. W. Shears. 
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TECHNICAL PROGRAM 


Wednesday, June 26 


8 :30 a.m.-—-Registration. 


9:30 a.m.—Greeting by Ontario Chapter President. 


Response by Pres. Thornton Lewis. 

Instruments for the Measurement of Air Velocity, 
by Prof. J. H. Parkin. 

Analysis of the Over-all Efficiency of a Residence 
Heated by Warm Air, by Prof. A. P. Kratz 
and J. F. Quereau. 

Air Conditioning System of a Detroit Office Build- 
ing, by H. L. Walton and L. L. Smith. 

Heat and Air Volume Output of Unit Heaters, by 
Prof. L. S. O'Bannon. 

Report of Committee on Code for Testing and Rat- 
ing Unit Heaters, by D. E. French, Chairman. 


Thursday, June 27 


9:30 a.m.—Errors in the Measurement of the Temperature of 

Percy Nicholls and W. E. 

Pipe Sizes for Hot Water Heating Systems, by 
Prof. F. E. Giesecke and E. G. Smith. 

Report of Guide Publication Committee, by S. R. 


Flue Gases, by Rice. 


Lewis, Chairman. 
Capacity of Radiator Supply Branches for One and 
Two-Pipe Systems, by F. C. Houghten, M. E. 
O'Connell and Carl Gutberlet. 


Report of Committees on Interpretation of Code 


for Rating Low Pressure Heating Boilers, by 
L. A. Harding, Chairman. 
Friday, June 28 
© :30 a.m.—Determining the Quantity of Dust in Air by Im- 


pingement, by Prof. F. B. Rowley and John Beal. 


Five Suggested Methods of Appraising Insulations, 
by Paul D. Close. 
Factor in Engineering 


Lag as a Heating 


James Govan. 


Time 
Practice, by 
Over-all Heat Transmission Coefficients Obtained by 
Tests and by Calculation, by F. B. Rowley, A. B. 
Blackshaw. 


Code for 


Algren and J. L. 


Report of Committee on Heating and 


J. S. Paterson A. 
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Ventilating Garages, by E. K. Campbell, Chair- 
man. 

Report of Advisory Committee on Heating and 
Ventilating Exposition, by H. P. Gant, Chairman. 


ENTERTAINMENT EVENTS 
Tuesday, June 25 


12:00 a.m.--Special train leaves Toronto for Bigwin Inn via 
Huntsville. 
6:00 p.m.—Arrive Bigwin Inn—Dinner from 6:30 to 8:00 p.m, 
8:15 p.m.—Special program for Ladies—Introduction of Chapter 
Officers in the Rotunda. 
9:00 p.m.—Informal reception and dancing in the 


Motion pictures in the Rotunda. 


pavilion, 


Wednesday, June 26 


8:30 a.m.—Registration in the pavilion. 
10:30 a.m.—Special hiking party for ladies to explore Bigwin 


~— 


Island. 

1:30 p.m.—Special Boat trip around Bigwin Island and Lake- 
of-Bays for ladies. 

:30 p.m.—Qualifying Golf Match. 

:00 p.m.—Semi-Annual Banquet in main dining room followed 


“SI bo 


by dancing. 


Thursday, June 27 


9 :30 a.m.—Golf tournament for ladies. 

2:30 p.m.—Bridge party and tea for ladies. 

2:30 p.m.—Golf tournament for Research Cup. 

8:30 p.m.—Amateur Theatricals by cast of Ontario Chapter’s 
Masquerade Ball in the 


members followed by 


Ballroom. 


Friday, June 28 


2:00 p.m.—Golf Match. 
Tennis Tournament. 
Lawn Bowling. 
International Bang-and-Go-Back Motor Boat Rac- 
ing Contest (each Chapter will have a boat). 
Log Rolling Contest by local talent. 


COMMITTEE ON ARRANGEMENTS 


M. Barry Watson, General M. F. Tuomas, Reception 
Chairman A. J. Dickey, Finance 
ArtHur S. Leitcn, Enter- E. B. SHEFFIELD, 7 ranspor- 
tainment tation 
E. M. Doran, Publicity 


Ladies Committee on Arrangements 


Mrs. A. S. Letrcu, Convener 


Mrs M. F. THomas Mrs. M. B. Watson 

Mrs. E. B. SHEFFIELD Mrs. A. J. DicKEy 

Mrs. H. R. FLettr Mrs. R. W. M. McHenry 
Mrs. H. H. Ancus 


Officers of Ontario Chapter 


H. J. Cuurcn, Vice- 
President 


M. Barry Watson, 
President 
J. S. Paterson, Secretary 


Board of Governors 
R. W. M. McHeENry 
E. B. SHEFFIELD 

J. Dickey 


M. Barry Watson 
H. J. Cuurcn 
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CANDIDATES FOR MEMBERSHIP 





OPUUEOEOEODODEDOOODE LON EENEEDEONES 





The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem- 


bership in the Society. 


All applications for membership are to be sent to the Secretary and the name of applicants and their 


references shall be printed in the next issue of the Journal of the Society or sent to the members in other approved manner as 
ordered by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted 


upon by the Membership Committee as soon as possible. 


When the Membership Committee has acted favorably upon a Candidate’s application and assigned his grade the Council shall 


vote upon the election of the proposed Candidate for membership by 


letter ballot. 


During 


the 


past month 


membership have been received and the names of these men and their sponsors are published in the following list. 


Members are requested to scrutinize the list with care. 


members to assume their share of the responsibility of receiving these candidates into membership by 
promptly of any whose eligibility for membership is in any way questioned. 


The 


Membership 


All 


Committee, 


and 


correspondence 


in turn the Council, 
advising the 
in regard to such 


strictly confidential, and is solely for the good of the Society, which it is the duty of every member to promote. 


Unless objection is made by some member by September 
elected to membership will be notified by the Secretary, immediately after election. 


Davis, Otis E., Sales 
bluff, Nebr. 


REFERENCES 
Engr., Hoffman Specialty Co., Scotts- 


(Advancement) 


GrosEcLosE, JOHN B., Dist. Mgr., Warren Webster & Co., 412 


Builders Exchange 


Bldg., San Antonio, Texas. 


GUNTHER, RAYMOND CHESTER, Sales Engr., Carrier Engrg. 
Corp., Land & Title Bldg., Philadelphia, Pa. 


Jounston, Rosert Exviott, Cons. Engr., 3342 33rd Ave., W., 


Vancouver, B. C. 


( Advancement) 


Ki_ner, JOHN SAuNpeERS, Partner, Kilner-Mills Co., 3-266 Gen- 


eral Motors Bldg., 


Detroit, Mich. 


Kuempet, Leon L., Sales Engr., Minneapolis-Honeywell Reg- 
ulator Co., 2920 Fourth Ave. S., Minneapolis, Minn. 


Lawson, WiLiiAM Irvin, Vice Pres. & Gen. Mgr., The Buck- 
eye Blower Co., Columbus, O. 


Matone, Daye G., 


vancement. ) 


7015 Merrill 


Ave., Chicago, Ill. (Ad- 


Metcatr, Ratpw H., C. A. Dunham Co., 3605 Laclede Ave., 


St. Louis, Mo. 


Morritt, Roy MicHae., Br. Mer., L. 


J. Mueller Furnace Co., 


200 Reed St., Milwaukee, Wis. 


Puitiips, WiLLiAM J., 


520 W. First St., Royal Oak, Mich. 


SetcH, Homer Corne ius, Heating Contr., 84414 Virginia Ave., 


Indianapolis, Ind. 


Suaver, Hersert H., 215 Wheeler Ave., Scranton, Pa. 


a 
Stirt, Howarn Benjamin, National Radiator Corp., 431 W. 


Georgia St. 


True, Joun E., Dist. 


Indianapolis, Ind. 


(Advancement. ) 


Mer., York Htg. & Vtg. Corp., 622 


Broadway, Cincinnati, O. 


Wa ker, GeorceE Epwarp, Sales Engr., Weil Pump Co., 215 W. 
Superior St., Chicago, Ill. 


Wutiams, Davin Butter, Constr. Draftsman, Carrier Engrg. 


Corp., 1724 Land Title Bldg., Philadelphia, Pa. 





- 


Proposers 
F. H. Gaylord 
F. H. Willis 


M. L. Diver 
Wm. A. Ebert 


Walter A. Bornemann 
P. L. Davidson 


H. J. McCreery 
A. H. Blake 


J. H. Walker 
H. L. Walton 
T. E. Coon 


John V. Martenis 
Frank B. Rowley 


Dr. E. V. Hill 
M. F. Rather 
F. C. McIntosh 


J. C. Bostain 
Wm. J. Doyle 


M. D. Pence 
Macy S. Good 


E. A. Jones 
C. W. Miller 
D. H. Petherick 
R. S. M. Wilde 


G. A. Voorhees 
Geo. O. Jackson 


R. V. Frost 
F. D. Mensing 


C. C. Shipp 
George O. Jackson 
O. S. Hill 


Thornton Lewis 
Donald E. French 


R. O. Nelson 
Jean S. Jenson 


Walter A. Bornemann 
P. L. Davidson 


5, 1929, these candidates will be balloted upon by the Council, 


Seconders 


Chas. W. Adams 
Wm. McCoy Larimer 


Reginald F. Taylor 


W. G. Hillen 
W. H. Carrier 


J. E. Degan 
Geo. H. Giguere 
F, W. Johnson 


H. J. Sperzel 
Milton Wunderlich 


H. W. Page 
A. J. Nesbitt 
J. H. Kitchen 


A. C. Willard 
E. J. Gossett 


C. A. Dunham 
C,. A. Thinn 


H. K. Lees 
W. B. Graves 


R. K. Milward 
J. F. McIntire 


H. W. Neal 
R. H. Edwards 


M. C. W. Tomlinson 
E. N. Sanbern 


C. E. Gronberg 
H. L. Repp 
I. G. Belzor 


Jas. V. Cavileer 


H. P. Gant 


C. E. Crone, Jr. 


17 applications 


ior 


urge the 
Secretary 


matters is 


Those 


Geo. E. Wells (non-member ) 


W. G. Hillen 


L. L. Lewis 
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In the past issues of the Journal of the Society there were posted among the list of Candidates for Membership 44 candidates 
for election in the different grades of Membership, whose names have been balloted upon by the Council. We are now instructed 
by the Council to post herewith, as required by Art. II, Sec. VIII, of the By-Laws, the following list of candidates elected : 


MEMBERS 

AHEARN, W1LL1AM Josepu, Htg. Engr., The Downey Co., 99 W. 
Dedham St., Boston, Mass. 

DINGLEMAN, CHArLes S., Chief Engineer, Stanley Company of 
America, 1132 Fidelity-Philadelphia Trust Building, Phila- 
delphia, Pa. 

Ex.uiot, Epwin, Sales Engr., Edwin Elliot & Co., 560 North 16th 
St., Philadelphia, Pa. 

FLeEMINGS, JoHN A., Megr., Spencer Heater Co., 216 Tremont 
St.,. Boston, Mass. 

Hiers, Cuartes R., U. S. Radiator Corp., 101 Park Ave., New 
York, N. Y. 

Jounson, Water F., Mgr., American Radiator Co., 374 Dela- 
ware Ave., Buffalo, N. Y. 

LELAND, WarREN B., Sales Engineer, The H. B. Smith Com- 
pany, Westfield, Mass. 

Menune, Cart A., Engr., Richardson & Boynton Co., 260 Fifth 
Ave., New York, N. Y. 

Narowetz, Louris Lupwic, Jr., Secretary and Active Head, 
Narowetz Htg. & Vtg. Co., 1711 Maypole Ave., Chicago, Il. 
( Advancement.) 

Nason, GeorGce L., Buerkel & Co., Inc., Boston, Mass. 

O’Nemi, Jas. Water, Chief Engineer, The Trane Company 
of Canada, 439 King ‘W., Toronto, Canada. 

Ries, Lester, Supt. of Bldgs., University of Chicago, 5750 
Ellis Ave., Chicago, III. 

Sanps, Crive CuisnHotm, Asst. Mech. Engr., Federal Capital 
Commission, Canberra, F. C. T., Australia. 

SHANKLIN, ArtHuurR P., Sales Engr., Carrier Engrg. Corp., 850 
Frelinghuysen Ave., Newark, N. J. 

STEEN, JosepnH M., Iron City Heating Co., 843 Jacksonia St., 
N. S., Pittsburgh, Pa. 

Swan, Ernest H., Senior Partner, W. A. Swan & Sons, 122 
Unley Rd., Unley, South Australia, Australia. 

Wacker, Georce E., Sales Engineer, Weil Pump Co., 215 W. 
Superior St., Chicago, III. 

WASHINGTON, LAWRENCE W., Vice-Pres. and Sec’y, 
Regulator Co., 2301 Knox Ave., Chicago, IIl. 
Wuirte, CHarves Ferser, Sales Engr., Modine Mfg. Co., 3010 

Market St., Philadelphia, Pa. 


National 


ASSOCIATES 

Atcotr, Witiiam L., The Graff Co., 945 Liberty Ave., Pitts- 
burgh, Pa. 

Cartson, Everett E., Branch Manager, The Powers Regulator 

Co., 1010 Louderman Bldg., St. Louis, Mo. 


Davis, Hersert H., Secy.-Treas., Herbert H. Davis Co., Ine. 
4146 S. Western Ave., Chicago, III. 

FreLy, Frank J., Mgr. of Sales, The Taylor Supply Co., De- 
troit, Mich. 

Hoop, LESLIE A., Sales Engineer, Trane Company of Canada, 
439 King St., W., Toronto, Canada. 

Miter, To.zert G., Supt., Herre Bros., 7 and Emeralds, Harris- 
burg, Pa. 

Murpny, Joseru R., Sa.es Manager, Taco Products, 342 Madi- 
son Ave., New York, N. Y. (Advancement.) 

Roserts, Cuares A., Resident Manager, Imperial Iron Corpo- 
ration, Ltd., Toronto, Ont., Can. 

SAWHILL, R. V., Editorial Director, Domestic Engrg. Co., 1900 
Prairie Ave., Chicago, III. 

ScotLay, Joun A., York Htg. & Vtg. Corp., 149 Broadway, New 
York, N. Y. 

SMITH, Russect J., Modine Mfg. Co., 2228 Washington Ave., 
St. Louis, Mo. 

TABBINER, Haroip, Salesman, Crane, Ltd., 306 Front St., West, 
Toronto, Ont., Can. 

TENNANT, RAYMOND JOHN JEFFERSON, Supervisor, Duquesne 
Light & Allegheny Co., Steam Htg. Co., 435 Sixth Ave, 
Pittsburgh, Pa. 

THompson, Witt1AM J., Sales Engineer, Imperial Iron Corp., 
250 St. Helens Ave., Toronto, Ont., Can. 

Wooptock, Wittiam M., York Htg. & Vtg. Corp., 149 Broad- 
way, New York, N. Y. 


JUNIORS 

Biume, Freperick Joun, Jr., Sales Engr., American Radiator 
Co., 40 West 40th St., New York, N. Y. 

BozEMAN, RicHarp W., Student, University of Kentucky, Lex- 
ington, Ky. 

CorBin, WILLIAM Epwarp, Estimator, C. Stanley Morgan, 445 
W. Larned St., Detroit, Mich. 

Girrorp, Epmunp W., Carrier Engineering Corp., 850 Freling- 
huysen Ave., Newark, N. J. 

Kiuse, Joun O., Carrier Engrg. Corp., 850 Frelinghuysen Ave., 
Newark, N. J. 

Metcatr, Ratpu H., C. A. Dunham Co., 3605 Laclede Ave., St. 
Louis, Mo. 

Notan, JAMES JosepH, Jr., Carrier Engrg. Corp., 850 Freling- 
huysen Ave., Newark, N. J. 

Patrick, Horace M., Engr., Mensing & Co., 1713 Sansom St., 
Philadelphia, Pa. 

STEVENSON, MerLeE EvuceENe, Stevenson Heating Co., Richmond, 
Ind. 

Tuayer, ALLEN J., Carman-Thompson Co., Lincoln St., Lewis- 
ton, Maine. 
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Air Conditioning Growing Up 

Probably every science had in its early days 
its period of twilight. Sometimes a science strug- 
gled along for centuries without receiving public 
recognition. It was felt, however, when a science 
was recognized by great educational institutions 
and was taught in them, that science then had 
passed the early morning hours of its life and was 
in the full light of the forenoon sun. 

As an indication then of the progress of air con- 
ditioning, it is interesting to note that a number 
of American schools and universities are training 
engineers to become expert in this science. Among 
these are Harvard, Yale, Columbia, Michigan, Ohio 
State, Kentucky, Illinois, Purdue and Massachu- 
setts Institute of Technology. These schools and 
universities are specializing in air conditioning and 
there has been a tremendous increase in the number 
of students in these sciences, 

In addition to this, various studies which per- 
tain to the science of air conditioning are taken up 
at Carnegie Institute of Technology, Pittsburgh, 
for instance, where recently there has been started 
a short course on fans which is available to stu- 
dents. Mellon Institute recently completed ex- 
tensive studies of the soot and smoke problem and 
methods of combating it. 

Air conditioning, the youngster of a decade ago, 
is growing up. 


In Step With Progress 

Where the sciences of air conditioning, piping 
and heating stand mechanically, is to be revealed 
in an exposition of products of these industries to 
be held in the winter of 1930. This exposition will 
be conducted in connection with the 1930 annual 
meeting of the American Society of Heating and 
Ventilating Engineers in Philadelphia. It prom- 
ises to enlighten air conditioning, piping and heat- 
ing engineers and the layman as well. 

It is difficult to realize the increased momentum 
that has been given to the world by means of the 
products of the designing and manufacturing en- 
gineer. His influence is seen in almost every coun- 
try in the world. Civilization is adjusted to a new 
tempo through the product of his study and skill. 
What man more than he has contributed to the ad- 


vVancement of the world? 





The product of the designing and manufacturing 
engineer reduces hazards, eliminates nuisances, adds 
comforts heretofore undreamed of, and saves man’s 
most valuable commodity—time. 

We are astonished at the high steam pressures, 
But what 
Professor Bridgman of Harvard 


1800 pounds or more per square inch, 
of the future? 
has, in another field of engineering, succeeded in 
exerting a pressure of 600,000 pounds per square 
inch. It is only the engineer with the imagination of 
genius who can look in to the future and anticipate 
what these stupendous pressures may mean. 

This so-called sordid age of metals and machinery 
is, in the light of these developments, no longer 
sordid. It is filled with romance, the zeal for and 
thrill of achievement beyond that in any of the 
story books of old, and has in it the potentialities 
of human comforts which the world today can not 
even imagine, 

The engineer who refuses to learn from such ex- 
positions the trend of affairs in the sciences of 
piping, heating and air conditioning, is standing 
still and this, because of the progressive movement 
around him, means putting a greater distance be- 
tween himself and the front ranks. 


Formulas, Charts, Tables vs. Guessing 

“Why do you publish so many tables, charts, for- 
mulas, etc.?” inquires a reader of this paper. “We 
want practical, everyday information.” Yet the 
next two letters are likely to tell us that our in- 
formation is practical and usable. Apparently dif- 
ferent readers approach their technical reading in 
different ways. 

The time was when any temperature between 
55 and 90 in the old log house was considered fairly 
satisfactory. There was a time when fifteen miles 
an hour behind a smoke-belching locomotive filled 
our highest hopes of rapid travel. But things have 
changed and the changes have come about through 
the accuracy of engineering knowledge. But ac- 
curate data must be set down so it can be studied 
and applied and so we have turned to the use of 
charts, formulas, tables, ete. 

A writer may use words, phrases and sentences 
to describe a majestic building but these would not 
do for the engineer. He must have the specific facts 
as revealed by charts, tables, formulas. They may 








show the difference between the success and fail- 
ure of a costly piece of equipment. They may 
point the road to 10 per cent profit instead 
of 10 per cent loss. They may reveal the un- 
expected in the physiological reactions to at- 
mospheric environment and so enable the fab- 
ricator of engineering equipment to protect the 
lives and health of the people. 

Charts, tables and formulas are not as formidable 
as they seem. In fact, there is nothing in engi- 
neering that is not simple when it is learned. The 
pseudo engineer who will take the time and trouble 
to study the tables, charts and formulas in this 
paper and learn how to adapt them to his uses, 
will be taking a step toward accuracy and a step 
away from the guess-so’s of former years. 


Heating, Ventilating and Air 


Conditioning 

Heating for comfort has, in the later years, taken on 
a somewhat definite meaning. It means heating to 70 
degrees or thereabouts. In the old log house with its 
fireplace it might be 90 degrees near the fireplace and 
50 degrees at the opposite end of the room. No one 
at that time found fault with such wide variations. But 
no one today would buy a heating plant that would not 
function any better than that. 

The same reasoning may be applied to ventilation 
and that more modern development called air condi- 
tioning. Just what is the difference? 

There exists, of course, some relation between heat- 
ing—ventilation and air conditioning—yet heating, con- 
sidered alone, may be accomplished in many different 
ways without regard to either of the others, ventilation 
or air conditioning. So also may ventilation be pro- 
duced without considering or resorting to heating or 
air conditioning. Air conditioning, on the other hand, 
although perhaps erroneously considered by some few 
to be a glorified name applied to ventilation, is in reality 
much more. It embraces the control of any predeter- 
mined temperature and humidity conditions desired of 
the air in which we live, also the purity of the air and 
the air motion within a room, enclosure or entire build- 
ing, regardless of the season of the year. Air motion 
is an important factor. Air motion and air distribu- 
tion must be correct in order to permit uniformity of 
temperature and humidity conditions. Air is the means 
of conveying the proper amount of heating or cooling 
effect from the air conditioning apparatus to the room 
or rooms controlled. 

Let us see how this differs from ventilation, as ven- 
tilation has been generally defined. 

A fan, regardless of type, exhausting air from an en- 
closure produces ventilation by displacement, termed 
“exhaust ventilation.” Turn this fan around and de- 
liver outside air into the room and it is said to be 
supply ventilation. Heaters may be added to heat the 


air before delivery to the room and we then have a fan 
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system of heating and ventilation. Add an air washer 
and we have a washed air ventilation and fan systein 
of heating. 

It is obvious that certain limitations exist in any o/ 
the above combinations of ventilation, mainly since jo 
predetermined temperature and humidity conditions 
may be maintained except possibly during the winter 
months or heating season. Let us assume the follow- 
ing illustration and compare an office building equipped 
with a ventilation system and one equipped with an air 
conditioning system. 

The building with a ventilation system will experi- 
ence inside temperatures depending upon outside tem- 
perature conditions and the inside temperatures will 
vary with the outside temperature changes. The build- 
ing cools down over night from the natural influences 
of the outside air cooling. As the outside air warms up 
the next day (it may reach 90 degrees) the ventilating 
system draws in the outside air and supplies it to the 
ventilated portion of the building. Obviously, the more 
90 degree outside air that is brought into the building 
the higher will be the temperature of the air inside. A 
relative comfort is, of course, produced mainly by air 
motion and the displacement of inside air. 

Considering the effect upon the inside temperatures 
only, it is generally understood that cooler temperatures 
would result if the windows were kept closed, shades 
drawn, and if no outside ventilated air was delivered to 
the building. This is reasonable. It is due to the 
stored up cooling effect of the walls, floors, furniture 
and equipment and lag in the temperature rise of the 
inside air as outside temperature changes, but in spite 
of the lower temperatures inside, the results would not 
be beneficial. The result would be a stuffy and close 
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condition. 
due to the natural lag would be dependent upon the 
number of people in the rooms, upon lights, etc. 

Now take a building supplied with air conditioning. 
When the outside air rises to 90 degrees the inside con- 
ditions would be maintained at an even level, whether 
that is predetermined as 70 degrees, 80 degrees or any 
other temperature. It is by maintaining a uniform tem- 
perature and humidity condition, together with air mo- 
tion, that one gives the greatest feeling of comfort to 
the occupants. It is something definite. 

Just as heating has come to mean heating to 70 de- 
grees in winter instead of anywhere between 50 and 
90 degrees, so air conditioning has come to mean some- 
thing definite. Temperature, of course, is only one 
factor in air conditioning. Air conditioning engineers 
believe it is just as necessary to maintain a definite 
humidity, definite purity and definite air motion in order 
to maintain maximum comfort. 

And just as heating now maintains a definite stand- 
ard, so air conditioning maintains a definite standard 
and is as different from ventilation as the old time 
fireplace is different from the modern up-to-date heat- 
ing plant. 
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Strainer for Fuel Oil or Water Lines 


HE accompanying sketch shows a strainer that is 
made from standard pipe fittings and would be 
suitable for use on fuel oil lines. 

The one shown was made by using two 12 x 12 x 4 
standard flanged tees and was used on a fuel oil line 
straining the fuel oil as it was unloaded from oil tank 
railroad cars. 

The assembly shows two baskets. The smaller or 
inner basket has a coarse mesh for collecting the larger 
particles of foreign matter that are frequently found 
in the fuel oil. The larger or outer basket has a finer 
mesh and the oil is given a double straining when this 
is used. The strainer baskets can be removed for clean- 
ing by shutting down the oil line and taking off the top 
flanged cover. 

The inlet and the outlet are shown opposite each other 
but may be faced at any angle to each other that the 
drilling template of the bolt holes in the flanges will 
allow. 

The drain connection may be tapped in the side of the 
lower tee near the bottom if more convenient for in- 
stallation. 

As these strainers are used near the oil unloading 
tracks, it is customary to put them partly in the ground, 
drain being led off to a pit. 

Referring to the assembly details, No. 4 is the inner 
basket. No. 1 is the top flange of the inner basket, the 
outside diameter of which is 4 inch smaller than the in- 
side bore of fitting No. 7, allowing a clearance of ap- 
proximately 4% of an inch on each side to pass down 
through the body of the upper tee. 

The outside diameter of the inner basket, No. 4, is 
approximately 2 inches smaller than the inside diameter 
of the outer basket, leaving approximately 1-in. clearance 
on each side. 

The supporting ring No. 6 is made of steel, usuaily 
about 3g-in. thick. The outside diameter of this sup- 
porting ring is the same as a regular ring gasket, which 
fits inside the bolt holes of the flanged tees. The inside 
diameter of the supporting ring is slightly larger than 
the outside diameter of the outer basket, permitting the 
basket to pass down through the opening in the ring until 
the top flange of this baskets rests on it. 

The outside diameter of the top flange No. 2 of the 
outer basket is the same as the diameter of the top flange 
No. 1 of the inner basket. 

he inside diameter of the top flange No. 1 is slightly 
larger than the outside diameter of the inner basket, 
permitting the inner basket to pass down in the outer 
basket until it rests on the top flange of the outer basket. 

(he supporting ring supports the two baskets by the 
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flange of the outer basket resting on the ring and the 
flange of the inner basket resting on the flange of the 
outer basket. A bail may be put on the baskets so that 
they may be easily withdrawn for purpose of cleaning. 
The oil passes down through the baskets as shown, 
The baskets can be made of perforated sheet steel or 
brass for oil—brass if used on water. The size of mesh 
depends on the kind of oil or fluid to be handled. 


Ordinarily the inner basket can be made of per- 
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forated sheet metal, 14-in. holes, and lined on the inside 
with a fine mesh screen. The outer basket can be made 
of perforated sheet metal, 3-in. holes, and lined with a 
finer mesh screen. The linings must be put on the inside 
of the baskets. 

The sheet metal part of the strainer is to support the 
fine wire mesh, and for fuel oil, the outer basket should 
be a fine screen. For water the wire mesh screen can be 
dispensed with and a suitable, perforated, non-corrosive 
metal with 3/16-in, openings will usually be suitable. 
The perforated metal part of the basket should be strong 
and firmly attached to the top rings of the basket, as, 
unless cleared frequently, there will be a heavy load to 
lift out. 

While the accompanying sketch shows a strainer made 
of 12 x 12 x 4 tees, it may be made of other sizes of 
tees that will allow reasonable room for suitable strainer 
baskets. 


Unique Water Supply Problems of the 


Maintenance Man 

When maintenance men get together, some inter- 
esting and valuable experiences are certain to come 
up for discussion. 

A manufacturing plant, of fair size, received its city 
water supply through two 2-inch water meters. During 
one particular summer, the city water pressure was low 
during working hours. But after quitting time the pres- 
sure would rise. This led to numerous complaints and 
as a new pipefitter was looking after this part of the 
maintenance work, he was placed in an embarrassing 
position. 

Steps were taken to improve conditions. 
faucets were installed wherever practical. Leaks were 
repaired, but complaints continued to come in. The 
water supply to the plant was just enough for actual 
needs. 

When questioned as to the trouble, the best excuse the 
maintenance man could think of, was, “Those water 
meters are too small—can’t get enough water through 
them.” In his own mind he was doubtful of this, as the 
same meters had controlled the water supply to this plant 
during rush periods and slack times for many years, 
without causing complaints. 

Complaints from low water pressure increased and 
eventually the plant manager called on the city water 
department who sent their superintendent to investigate. 
The water superintendent was positive that the city al- 
ways kept the required pressure on the line and offered 
to produce charts from pressure recording gauges to 
substantiate his statements but he agreed with the main- 
tenance man that larger meters should be installed. The 
plant manager made arrangements to have larger meters 
put in and it was decided to put in a 4-inch meter in- 
stead of the two 2-inch meters. The results were dis- 
appointing. ‘The pressure was still low. 

A telephone call to the city water department brought 
the explanation that one of their pumps was down for 
repairs and that in a few days they would have it ready 
and everything would be all right. 

About this time, work at the plant began to fall off. 
Working forces were reduced ; less water was being used 
and complaints as to water pressure were seldom re- 
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ceived, so the water situation was forgotten. A few 
months later the city decided to do some street paving 
in the vicinity of the plant and in preparing for this it 
was necessary to relocate one of their hydrants, which 
required shutting off the water mains supplying the plant. 
Among the workmen engaged in relocating the hydrant 
was a man who had formerly worked with the shop 
maintenance man. 

“Well, you will be all right now,” he said, “we just 
found the 8-inch valve on this main lead out of order— 
stem broken in the gate — that let the gate go down, 
nothing going through it — all the water you were get- 
ting was from this little main that comes from way down 
around all of these blocks of houses and it was a wonder 
that you got anything at all.” 


The valve was repaired and during the fifteen years 
since that time, the plant has been operating in rush and 
slack periods. The 4-inch water meter is still working 
and there has been no complaint of any consequence re- 
garding city water pressure. 


Hydraulic Gradients 


The following interesting story was told by H. E. 
Beckwith of New York, N. Y. 

Speaking of hydraulic gradients, there is the case of 
the plant whose officials had believed their system was 
being fed by two mains from the reservoir. A pitometer 
test proved, however, that there was no flow through one 
of these pipes. Further investigation showed that this 
main at one point actually lay above the water-level of 
the reservoir. After the line was lowered, its vacation 
was over and it went to work delivering water to the city. 


Accounting for a 50 Per Cent Loss 


Another interesting case was that of a city which had 
originally been served by two separate companies. Later, 
these companies were merged and the distribution system 
was inter-connected. Each of these companies originally 
secured its water by gravity from a mountain reservoir, 
the reservoir of one company being 12 ft. higher than 
that of the other company. Since the complete metering 
of this system a few years ago, the meters through which 
water was sold had accounted for a little less than 50 per 
cent of the water shown on the venturi meters installed 
at the reservoirs. Tests showed that during the night, 
when the use of water in the system dropped low, the 
water fed out of the higher reservoir into the lower. 
It is the nature of a venturi meter to measure in a posi- 
tive direction the water which goes through it, regard- 
less of the direction of flow. Consequently, the water 
which fed from the higher to the lower reservoir was 
measured on each of the two venturi meters, although as 
a matter of fact, it was never used in the distribution 
system at all. When the venturi meters were originally 
installed, the city was on a flat rate basis, and the waste 
of water was so large that it is doubtful if the water 
ever backed up into the lower reservoir. But with the 
metering of all the services, the amount of waste grad- 
ually fell off. 

Whenever a water system is fed by gravity from two 
or more reservoirs on different levels, it is well to grow 
immediately suspicious of back-feeding when the supply 
in the lower reservoir holds up better than the suppiy 
in the upper one. 
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